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Sib, 

In  an  age  like  the  present,  when  the  rich  and  the 
^owGrtal  identify  their  interests  with  the  welfare  of  the 
poor  and  uninfonned,  when  the  wise  and  the  good  com- 
Vot  in  furthering  the  difiusion  of  sound  principles  and 
uefiil  knowledge  among  those  who  constitute  the  most 
ioqwrtant,  though  hitherto  the  most  neglected^  portion  of 
Ae  community,  there  is  not  one  who  can  view  the  future 
in  the  past  but  must  anticipate  with  such  data  before 
him,  a  change  as  brilliant  in  its  effects,  as  it  is  honour- 
able  to  those  who  are  engaged  ui  promoting  it 

The  advanced  state  of  science,  and  the  comprehen- 
me  Tiews  of  a  just  and  liberal  philosophy,  animate 
tiiose  who  for  many  years  have  compared  theory  with 
practice  to  come  forward  in  the  hope  of  being  able  to 
oSbt  somediing  in  aid  of  the  common  cause. 
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IV  DEDICATION. 

Such  feelings,  Sir,  have  encouraged  me  to  publish  the 
following  pages,  which,  as  an  earnest  of  their  future  suc- 
cess, I  am  permitted  to  dedicate  to  yourself. 

A  Work  of  this  kind,  combining  in  the  most  condensed 
form  the  acknowledged  principles  and  recent  improve- 
ments in  Mechanical  Science,  and  professing  to  be 
adapted  in  every  possible  way  to  the  use  of  the  Me- 
chanic and  Machmist,  could  not  well  find  a  Patron  more 
congenial  to  its  Spirit  than  one^  who,  during  a  long 
series  of  years,  has  laboured  with  no  common  devotion 
in  promoting  their  benefit 

I  am. 

Sir, 
Your  most  obedient,  and 

much  obliged  humble  Servant, 
JOHN  NICHOLSON. 
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PREFACE. 


Tna  discoveries  of  Watt  and  Arkwrioht,  which 
y\dded&tonce  such  immense  national  as  well  as  individual 
pxospmty,  must  ever  be  regarded  as  forming  a  new  era 
in  the  arts  of  life  and  the  domestic  policy  of  nations. 
Tbe  riches,  extraordinary  as  unprecedented,  inexhaus* 
tible  as  unexpected^  thus  acquired  by  a  skilftil  system  of 
mechanical  arrangement  for  the  reduction  of  labour^ 
^re  the- impetus  which  has  led  to  the  numerous  dis< 
coYcries,  inventions,  and  improvements,  in  every  de- 
partment of  our  manufactures,  and  raised  them  to  their 
present  state  of  perfection. 

With  respect  to  our  primary  and  most  elaborate  pieces 
of  mechanism,  however  intricate  and  incomprehensible 
they  may  appear  to  the  inexperienced,  they  are  in  the 
eye  of  the  practical  man  mere  elegant  modifications  and 
combinations  of  a  few  simple  prmciples*  These  princi- 
ples, after  some  necessary  observations  on  the  Forces 
acting  on  Matter,  on  Friction,  and  the  Centre  of  Gravity, 
are  fully  elucidated  in  the  account  of  ''  The  Mechani- 
CAi.  Powers." 

These  are  followed  by  what  is  indispensably  necessary 
to  the  proper  construction  of  Mill-work,  viz.  a  descrip- 
tion  of  Bevel  and  Spur  Geer^  the  lon^tudinal  connex- 
lion  of  Shafts,  termed  Couplino,  the  most  approved 
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▼i  PRBFACB, 

method  of  DisENOAoiNo  and  re-enoaoino  machinert, 
and  of  the  Equalization  op  Motion,  with  some  general 
Practical  Observations,  given  under  the  article  **  Mill 
Geerino/* 

The  reader  who  attentively  peruses  these  articles  wiU 
be  in  possession  of  the  primary  points  of  Mill- work  ; 
we  have,  therefore,  next  introduced  to  his  notice,  under 
Animal  Strength,  Water,  Wind,  and  Steam,  the 
best  modes  of  applying  the  Moving  Powers  ;  and  to 
tiiem  is  annexed  a  short,  though  concise,  account  of 
Broum's  Vacuum  or  Pneumatic  Engine,  which  may^ 
with  improvements,  be  made  most  effective  for  loco- 
motion and  other  light  purposes. 

As  the  reduction  of  wheat  into  flour  forms  so  essential 
a  part  of  domestic  (Bconomy,  and  as  the  force  which 
gives  a  rotatory  motion  to  the  upper  mill-stone  is  almost 
invariably  imparted  either  by  wind  or  water,  we  have 
thought  it  no  deviation  from  scientific  arrangement,  to 
introduce  at  the  end  of  these  two  articles  a  descriptioii 
of  a  Flour-mill  ;  as,  by  that  means,  the  reader  will 
be  enabled  to  form  a  tolerably  correct  notion  of  the  man- 
ner of  imparting  motion  from  the  water-wheel,  or  leader^ 
to  the  other  parts  of  machinery.  And  while  upon  this 
subject  we  have,  with  a  view  to  make  the  Work  gene- 
rally useful,  described  the  hand  and  foot  methods  of 
grinding  com,  that  those  who  live  not  in  the  vicinity  of  a 
miU,  or  who  do  not  choose  to  subnut  to  the  impositions 
said  to  be  practised  by  many  millers,  may,  at  a  compa- 
ratively trifling  expense,  have  the  work  performed  at 
home. 

A  knowledge  of  the  strength  of  materials  being 
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tt  all  times  important  in  the  eonstruction  of  Mill-work^ 
more  particularly  in  those  parts  which  have  to  sus- 
tain tile  greatest  force^  or  put  the  whole  of  the  other  parts 
of  the  machinery  in  motion,  we  have^  next  to  the  Moving 
Powers,  inserted  a  letter  from  Mr.  Rbnnib,  jun.  to  Dn 
YoDNo,  describing  a  series  of  very  satisfactory  e^eri- 
ments  made  <m  this  subject. 

A  description  of  HtdrauliI:  Engines  next  follows  t 
and  tiiese  are  succeeded  by  certain  Simple  Machines 
acting  as  accessories  to  our  manufactures.  So  that,  by  the 
time  the  reader  has  advanced  thus  far,  he  will  have  be- 
eooie  80  thoroughly  intimate  with  machinery,  as  easily 
to  comprehend  and  appreciate  the  several  exceUencies 
of  our  Stapi«e  Manufactures,  which  are  next  unfolded 
tsbis  view. 

The  whole  was  intended  to  be  concluded  with  an  ex- 
amination of  those  arts  termed  Manual,  in  a  Treatise 
on  the  Art  of  Building  ;  except,  indeed,  with  the 
addition  of  an  Appendix^  containing  a  short  and  concise 
treatise  on  Practical  Geometry  and  Mensuration, 
with  a  Collection  of  approved  Receipts,  and  a  Glos- 
sart  ;  but  the  interest  which  has  lately  been  excited  re- 
specting Railways  and  Locomotive  Engines  has  led 
to  tiie  extension  of  the  Work,  about  thirty  pages,  witii  an 
aiticle  (m  those  constructions. 

Altboo^  there  are  several  very  excellent  treatises  on 
Medianics  and  Mill-work  now  extant,  yet,  presuming 
cm  an  arrangement  widely  different  to  that  of  others,  by 
wUdi  the  least  erudite  and  most  inexperienced  may  ac- 
qmre  something  more  than  a  mere  Superficial  Knowledge 
of  Machmary,  the  Autiior  trusts  that  the  following  pages 
win  meet  with  a  favourable  reception,  ^       . 
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viit  PREFACE. 

,  In  the  course  of  bis  labours  be  has  derived  mate- 
rial assistance  from  many  of  bis  scientific  friends,  to 
whom  be  thus  publicly  expresses  bis  acknowledgments ; 
and  more  particularly  to  that  Gentleman  to  whom  the 
volume  is  dedicated. 

In  a  Work  of  such  a  nature  it  is  generally  understood 
that  extracts  are  justified^  as  the  description  of  many 
things  not  new  are  requisite,  and  the  language  could  not 
in  general  be  improved.  In  such  cases,  however,  the 
authority  has,  in  general,  been  acknowledged,  and  in  a 
way  calculated  to  advance  the  honour  and  interest  of 
every  improver  and  discoverer. 

The  volume  in  its  design  and  execution  is  offered  as  a 
companion  to  the  workshop,  consequently  abstract 
and  theoretical  principles  have  been  allowed  to  mingle 
no  further  than  has  been  indispensably  necessary  to  the 
perfect  illustration  of  the  use  and  application  of  the 
object  described.  The  Work  has,  therefore,  no  simi- 
larity to  the  Mathematical  Illustrations  of  Wood,  Gre- 
gory, or  Emerson,  each  of  which,  and  more  particu- 
larly that  of  Dr.  Olinthus  Gregory,  deserves  to  be 
spoken  of  with  great  respect 

A  Book  comprehensive  and  practical,  embracing  the 
whole  subject  as  living  and  contemporaneous,  and  as 
connected  with  private  profit  and  public  glory,  instruc- 
tive to  individuals  and  illustrative  of  the  genius  of  the 
age  in  its  best  direction,  has  been  the  object  of  the 
Author,  and  he  hopes  he  has  not  laboured  in  vain. 

London, 
March,  1825. 
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DESCRIPTION  OF  THE  FRON'nSPIECE. 


This  Plate  represents  a  front  view  of  a  Steam-Engine  con- 
nected with  a  Sugar-Mill^  as  constructed  by  Messrs.  Taylor 
and  Mardneau,  who  have  kindly  permitted  our  draftsman 
to  make  a  drawing  of  it. 

This  Eiijgine,  being  only  twelve  times  larger  than  the 
dewing,  is,  from  its  compactness  and  simplicity  of  con- 
struction, peculiarly  applicable  to  most  of  the  manufactures 
Tound  the  metropolis,  where  power  of  a  moderate  amount 
mia  general  required. 

it  works  horizontally,  at  from  30  to  4(Hbs.  pressure  per 
square  inch,  without  condenser,  having  metallic  pistons 
aad  slide-valves,  and  only  requires  eight  screw-bolts  to 
finteo  it  to  oak  sleepers,  or  frame-work  of  moderate  scant- 
Uog. 

A  is  ft  crsnk  connected  with  the  piston-rod,  which,  as  it  works  in  the 
cjBnder  horizontally,  cannot  he  seen.  B  is  the  cylinder,  into  which 
Btean  is  admitted  from  the  holier,  hy  means  of  the  pipe  C  C  C.  The 
Mnmuit  of  steam  flowing  into  the  cylinder  is  rejpilatea  bj  the  throttle 
wmbre  at  D,  which  is  opened  and  shut  at  proper  intervals  by  Uie  rod  E  E 
£.  F  F  is  the  ^yemor,  or  regulator,  consistinjr  of  two  heavy  balls, 
wi&  the  sliding:  collar  a,  suspenaed  from  the  top  of  a  vertical  spindle  b  b» 
St  the  mxis  c.  This  spindle  is  connected  with  the  main  shaft,  by  a  strap 
yatifig  over  the  sheeves  or  puUies,  666,  which  cause  it  to  revolve ;  and 
mm  ita  ^eed  varies  with  that  of  the  main  shaft,  the  governors  F  F,  ac- 
ceniiay  as  its  speed  increases  or  decreases;  have  a  tendency  either  to  fly 
fr— ,  or  approach  to,  the  spindle.  This  rise  or  depression  of  the  go- 
Temor  affects  the  rod  E  E  E.  to  which  it  is  connected,  and  regulates  the 
^iisakity  of  steam  flowing  from  the  boiler  into  the  cylinder. 

H  is  a  piece  to  connect  the  t4^  part  of  the  piston-rod  with  the  rod  I, 
mm  that  by  the  motion  of  the  crank  the  rod  I  is  also  moved,  which  rod 
mofweM  the  nUde  vahres  in  the  cylinder  K.  By  the  action  of  these  valves, 
eteuD  is  alternate]/  admitted  on  the  opposite  sides  of  the  piston ;  and  as 
the  eagiae  doen  not  condense  its  steam,  there  are  two  pipes,  placed 
^ne  at  each  end  oi  the  cylinder,  to  carry  it  off.  One  of  these  pipes  is 
sees  at  N.  Whan  the  piston  has  been  driven  by  the  force  of  the 
tttam  to  ifte  oAerextrtmiivof  the  cylinder,  the  steam,  by  the  action  of 
tketSit  ralrcMf  Is  shut  off  from  this  end»  and  allowed  to  flow  into  the 
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opposite  end  of  the  cylinder ;  the  orifice  of  the  pipe  N  beings  at  the  sanie 
time  opened,  the  Bteam  at  this  end  is,  by  the  returning  action  of  the 
piston,  driven  throue^h  the  pipe  N,  and  conveved  away  under  ground, 
leaving  this  end  of  the  cylinder  ready  for  a  fresh  suj^ply. 

The  power  generated  by  this  simple  arrangement  is  made  to  effect  the 
re<)uirea  purpose  by  means  of  the  shafting  0  0  0.  On  this  shafting,  at 
a  bttle  distance  from  the  engine,  is  an  eccentric,  L,  to  raise  the  rod  M, 
to  pump  water  into  the  boiler  when  required:  and  at  nearly  the  further 
enu  of  the  shafting  is  another  eccentrie,  TV,  which  imparts  motion  to  Uie 
rt>d  V,  for  the  purpose  which  we  shall  hereafter  describe. 

The  rotatory  motion  which  the  crank  has  received  from  the  engine  is 
imparted  to  the  shaftin^f,  to  the  eccentric  L,  the  coupling-box  d,  the 
fly-wheel  P,  the  eccentric  W,  and  the  pinion  Q,  which  plays  in  the  lar^e 
cog-wheel,  R,  on  the  shaft  S,  and  thence  is  imparted  to  the  rollers  of  a 
sugar-mill,  which  rollers  are  moved  at  equal  speeds  by  the  pinions  U  U. 

In  this,  and  most  other  Sugar-mills,  there  are  three  rollers, 
two  at  the  bottom,  and  one  lying  between  the  other  two  at 
the  top.  Through  these  rollers  sugar  canes  are  passed,  and 
the  compressed  juice  falls  into  a  receiver,  from  whence  it 
is  pumped,  by  the  movement  of  the  rod  V,  into  a  copper,  or 
other  receiver.  At  that  part  of  the  shafting  marked  e  e, 
suQicient  space  is  left  to  allow  of  play  when  the  canes  are 
passed  through  the  rollers,  otherwise  the  shafting  would 
be  very  apt  to  snap  and  be  destroyed. 
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OPERATIVE 
MECHANIC  AND  MACHINIST. 


OF  THE  ACTION  OF  FORCES. 

AvL.  matter  is  continaally  und^r  the  operation  of  forces, 
^nrbichy  if  acting  upOn  it  equally,  and  in  opposite  directions, 
iwiaintaun  it  in  a  state  of  rest.    But  if  a  newly  created  force 
met    upon   a  body  in  such  a   direction,    and  to   such   an 
extent,  is  to  overcome  the  forces  under  whose  action  that 
bcMly,  b  common  with  all  other  matter,  exists,  the  result 
wiD    be   motion  communicated  to  that  body;   and  in  an 
exact  proDortion  as  that  newly  created  force  exceeded  the 
aosount  of  forces  that  were  previously  acting  upon  it  in  the 
opposite  direction.    For  example,  if  a  man  lift  a  pound 
vngbt  three  feet  from  the  groimd,  the  amount  of  motion 
acated  by  that  action  is  exactly  equal  to  the  amount  his 
nevlv  created  force  exceeded  the  force  of  gravity  or  weight 
wbkii  acted  on  the  matter :  for  if  his  force  had  not  exceeded 
tfce  force  of  gravity,  it  is  manifest  that  that  motion  could  not 
bave  been  created;  and  if  the  force  of  gravity  had  not  existed, 
it  is  again  manifest  that  the  amount  of  motion  would  be 
exactly  in  nroportion  to  the  amount  of  the  whole  of  the  force 
be  had  applied.    Again,  if  his  force  only  exactiy  equalled, 
and  did  not  exceed  the  force  of  gravitation,  motion  could  not 
ibare  taken  place,  and  the  body  would  have  remained  at  rest. 
TfaiB  state  of  rest,  maintamed  by  the  contrary  action  of 
two  equal  forces  upon  a  body,  is  called  equilibrium.    But 
tbe  term  equilibrium  is  most  commonly  applied  when  one 
or  mare  bodies  are,  by  the  mere  force  of  gravitation,  main- 
tained in  a  state  of  quiescence,  or  rest:  thus,  if  a  bar  of 
iron,  A  B,  6g.  J,  is  supported  at  its  centre  C,  it  will  balance, 
or  remain  horizontal,  as  the  quantity  of  matter  in  C  A  is 
exactly  equal  to  that  in  C  B,  and  the  amount  of  the  gravitating 
brce  prtwordonal  to   the  quantity  of  matter  that  is  in  each 
nmofthe  bar:   likewise,  if  a  ball,  A,  fig.  2,  be  acted  upon 
hyz  force  at  B,  and  by  another  force,  exactiy  equal,  at  C, 
the  ball  A  will  be  maintained  m  a  state  of  quiescence,  termed 
eqwMbriona^ 
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2  THE  OPERATIVB  MECHANIC 

In  the  common  operations  of  mechanics^  the  former 
state  of  equilibrium  frequently  occurs ;  the  latter  rarely, 
and  never  with  any  permanent  duration;  by  the  term 
equilibrium^  therefore^  in  general^  is  understood^  the  position 
first  cited. 

Upon  duly  considering  that  matter^  when  between  forces 
acting  in  op^site  directions^  is  in  a  state  of  equilibrious 
quiescence^  it  wUl  be  manifest,  that  motion  cannot  be 
obtained  without  destroying  the  equilibrium.  It  must 
not  therefore  be  supposed,  that  the  fotces  of  gravitation 
or  adhesive  attraction  can  produce  motion,  as  has  been 
erroneously  urged  by  some,  but  rather  that  all  the  mo- 
tion these  powers  are  capable  of  producing  was  primarily 
exerted  to  brinff  matter  into  that  state  of  equilibrium  iu 
which  we  find  it.  Wherever  that  equilibrium  is  disturbed 
by  extraneous  causes,  the  resultant  motion,  attainable  by 
such  disturbance  of  the  general  equilibrium,  has  long  since 
been  known^  and  applied  to  useful  purposes.  We  may  with 
propriety,  therefore,  deduce  from  these  considerations,  the 
perfect  rallacy  of  that  most  ruinous  and  speculative  notion  of 
a  perpetually  moving  force.  Many  who  have  wasted  their 
time  m  attempts  to  attain  that  object,  have  either  supposed 
that  the  force  of  gravitatbn  could  obtain  motion,  or  that 
motion  once  obtained  could  of  itself  increase* its  force;  which 
was  about  as  rational  as  to  suppose  that  any  substance  could 
of  itself  increase  its  own  bulk.  The  powers  with  which 
nature  has  supplied  us,  have,  as  far  as  we  are  aware  of, 
been  already  applied ;  and  should  there  be  others  existing  of 
which  we  are  ignorant,  or  which  we  have  not  reduced  to  our 
command,  the  search  for,  and  developement  of  such  objects^ 
are  pndseworthy  and  valuable:  but  let  us  with  confidence 
hope,  that  the  labours  of  ingenuity  will  no  longer  be  dmwn 
aside  from  the  paths  of  prolific  study,  by  this  destructive 
phantasy. 

Returning  from  this  digression,  when  a  body  h  operated 
upon  by  a  force,  and  acquires  motion,  that  motion,  taking^ 
into  account  the  amount  of  space  through  which  t^e  body 
passes  in  a  given  time,  is  called  the  velocity  of  the  body; 
and  according  as  the  extent  of  distance  increases  or  decreases 
in  a  greater  or  less  period  of  time,  the  velocity  is  said  to 
increase  or  decrease. 

If  a  force  acting  upon  any  body,  and  causing  motion, 
shall  continue  to  act  upon  it  in  the  same  direction,  so  as 
to  continue  to  increase  that  motion,  the  body,  under  such 
circumstances,  is  said  to  attain  accelerated  velocity.    And 
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AND  MACHINIST.  3 

ff  a  body  be  put  in  motion  by  a  certain  force,  and  another 
fam  operate  upon  it  in  a  contrary  direction,  so  as  to  tend 
to  bring  it  to  a  atate  at  equilibrium)  sucJi  motion  ia  called 
Rtankd  motion.* 

*ne  sbnpleat  eiample  of  acoeleiated  motion,  is  exhibittd  in  the 
actioo  of  the  force  of  graTitation  upon  a  falling  body,  yifhete  the  force 
continoes  to  act  during  its  descent,  and  regularly  increases  in  velocity ; 
so  that  if  a  body  A,  fig.  3,  be  allowed  to  Ml  from  that  position  towards 
the  earthy  it  wiu  pass  through  sixteen  ftet  during  tiie  lirst  second  of 
tuae,  for^F-eight  Mt  during  the  next,  and  eighty  leet  during  the  third. 
Had  its  motioQ  been  resular  during  these  three  seconds  of  time,  it  would 
have  passed  through  only  three  times  sixteen,  or  forty-eight  feet,  whereas 
it  has  oassed  through  one  hundred  and  forty-four  feet,  by  reason  of  the 
face  micfa  first  caused  its  motion  continuing  to  act  upon  it.  Now  as 
ks  velocity  increases  rmlariy,  we  may  condude,  that  during  the  per- 
foTmam.eof  the  first  half  of  the  sixteen  foet,  it  was  not  proceedmg  at  the 
rate  of  axteen  feet  per  second ;  and  if  we  suppose  it  was  proceeding 
only  at  half  that  Telocity,  then  it  must  have  travelled  through  the  second 
ball  at  the  rate  of  tfiirty-two  feet  per  second ;  or,  if  the  first  eight  feet 
took  three  quarters  of  the  second,  the  second  eiriit  feet  must  have  been 
peiAMaaed  in  the  remaining  quarter,  therefore,  when  the  body  arrived  at 
Op  k  would  be  proceeding  at  the  rate  of  thirty-two  feet  per  second;  to  which, 
if  we  add  the  force  that  continues  to  urge  it  at  the  rate  of  sixteen 
feet  per  second,  it  will  exhibit,  for  the  second  space,  a  velocity  of  forty- 
«l^  feet  per  second:  and  if  for  the  third  space  we  double  its  increasing 
viledty  of  diirty-two  feet,  and  add  that  created  by  the  continued  force, 
«r  sfaall  have  twice  thirty-two,  and  sixteen,  are  eighty,  which  ig  the 
lenlt  of  experimoit.  The  velocity  of  bodies  under  the  continuous  action 
«f  any  given  force,  will,  it  appears,  increase  as  the  odd  numbers  1,  3,  5, 
T,  9,  fcc.,  that  is,  sixteen  feet  during  the  first  second,  thrice  sixteen  feet 
^nriag  the  next  second,  five  times  sixteen  duriiw  the  third  second,  and 
ao  on;  or,  as  the  rdative  portions  of  the  super&ial  space  under  equal 
puts  of  the  perpendicular  in  a  right  angled  triangle,  as  represented 
at  fig.  3 :  whereO  to  1  reoresents  the  first  second  of  time,  1  to  2  the  second, 
and  3  to  3  the  third.  It  vrill  be  perceived,  that  under  each  of  these  por- 
tioas,  the  space  contained  in  the  tnangie  vnll  be  as  1,  3,  5 ;  such  is  uniform 
aeerioated  motion.  But  if  the  continuous  force,  whidi  has  been  shovm 
to  inereaoc  the  velocity,  vary  in  its  action  upon  the  body,  it  is  plain  the 
incieaae  vrill  be  no  longer  uniform. 

From  a  dear  comprehension  of  Ae  acceleration  of  motion  in  bodies 
^  retardation  of  motion  vrill  be  easily  conceived:  for  example,  if  a 
body  be  cast  perpendicnlarly  finom  the  earth,  as  in  the  firing  of  a  shot 
feon  a  cannon  npvraxds,  the  force  of  the  powder,  overcomin|[  the  force 
of  gravitatioa,  will  cause  the  ball  to  rise  with  a  certain  velocity,  whilst 
that  attraction  continuins  to  operate  in  the  opposite  direction,  checks 
by  regular  gradations  the  created  force,  and  eventually  destroys  it. 
Ihos  the  distence  which  the  shot  would  have  accompUshed  during  the 
finrt  second  iff  time,  is  reduced  by  sixteen  feet;  that  which  it  vrould 
Ittve  accomplished  during  the  next  second,  by  forty-eight;  and  so  on 
urttl  the  created  power  is  counterbalanced  bjr  the  force  of  gravity,  and 
t&e  Ittfl  vriweM  at  a  state  of  rest ;  when  the  rorce  of  gravity  acting  upon 
it  foUf,  wiU  cause  it  to  move  in  the  opposite  direction,  till  it  descends  to  the 
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4;  THE  OPKRATlV£  MECHANIC 

When  a  ball,  attached  to  a  centre  by  a  flexible  cord,  is  put 
in  motion  by  any  one  force,  which,  iu  common  with  all  other 
forces,  a^*ts  iu  a. right  line,  the  motion  will  be  circular.  The 
tendency  which  such  body  has  to  fly  from  the  centre,  is 
called  the  centrifugal  force ;  and  that  exerted  by  the  cord  to 
draw  it  towards  the  centre,  the  centripetal  force. 

When  a  body  is  set  in  motion  by  any  force,  it  is  enabled, 
to  a  certain  extent,  to  act  on  other  bodies,  and  create 
motion  in  them;  and,  as  the  velocity  it  obtained  was  as 
the  power  expended  to  create  that  motion,  so  is  the  power 
of  transmitting  that  motion  to  its  velocity.  This  power 
of  communicating  motion,  or,  in  other  words,  this  force 
possessed  by  matter  in  motion,  is  termed  momentum,  or 
the  mo\dng  force;  and  the  mode  of  transmitting  it,  impact: 
as  this  force  is  proportional  to  the  velocity  possessed  by 
every  particle  of  matter  composing  any  body,  the  mo- 
mentum must  be  represented  by  the  quantity  of  matter 
multiplied  by  its  velocity.  For  instance,  suppose  one  hun- 
dred particles  of  matter  were  moving  at  the  rate  of  one  foot 
per  second,  the  power  requisite  to  overcome  their  force 
is  exactly  the  same  as  that  which  would  be  necessary  to  arrest 
the  motion  of  one  particle  moving  at  the  rate  of  one  hundred 
feet  per  second :  for  the  velocity  of  the  hundred  particles 
being  one  foot  per  second  each,  their  total  force  would  be 
the  force  existing  in  one  of  them  multiplied  by  one  hundred: 
and  again,  as  the  force  is  in  proportion  to  the  velocity,  one 
particle  moving  at  the  rate  of  one  foot  per  second,  muldpled 
by  one  hundred  in  regard  to  velocity,  will  produce  a  similar 
result.  Also,  if  a  body  of  one  pound  weight  be  moving  at 
the  rate  of  one  foot  per  second,  it  will  possess  a  certain 
momentum,  and  if  either  its  weight  or  its  velocity  be  doubled, 
its  momentum  will  be  likewise  doubled :  if  both  be  doubled, 
the  momentum  will  be  quadrupled. 

Having  now  considered  the.  action  of  one  and  two  forces 
acting  together  iu  opposite  and  similar  directions,  we  will 
proceed  to  examine  the  action  of  two  forces  upon  a  foody, 
acting  neither  in  the  same,  nor  in  contrary  directions.  Thus, 
if  the  line  A  B,  fig.  4,  represent  a  force  sufficient  to  carry 
the  body  A  to  the  point  B,  and  AC  represent  another 
force  sufficient  to  carry  the  body  A  to  the  point  C,  then 
A  C  and  A  B  being  equal  to  CD  and  B  D,  and  those  two 
forces  act  upon  the  body  subsequently  ti)  each  other,  we 
may  conceive  that  the  body  would,  by  passing  over  the 
lines  A  B  and  B  D,  or  AC  and  C D,  be  carried  to  the  point 
D.     Now,  if  they  act  upon  the  body  at  the  same  instant, 
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the  result  wffl  be  the  same,  and  the  total  expenditure  of  the 
forces  will  p^e  the  body,  passing  by  the  line  A  D,  at  the 
potnt  D.     Lakeime,  if  the  forces  A  B  and  A  C  be  not  at  right 
angles,  as  in  fig.  5,  still  as  C  D  and  B  D  are  equa],  and  in 
nmilar  directions  to  A  B  and  A  C,  the  motion  received  from 
tiiem  by  A  will  be  represented  in  amount  and  direction  by 
tlie  line  A  D.    But  supposing  A  B  shall  ht  twice  or  thrice 
tiie  power  of  A  C,  then  the  effect  will  be  the  same  as  is  shown 
in  fig^.  6,  where  the  line  AB  represents  thrice  the  power  of 
A  C.     The  separate  actions  of  A  B  and  A  C   will  be  repre- 
sented as  before  by  B  D  and  C  D,  which  would  place  the 
body  A  at  the  point  D ;  therefore  their  combined  force  will 
canse  it  to  pass  by  the  diagonal  line  AD,  as  in  the  former 
iostance.    This  pioves  that  any  number  of  forces  acting 
npoQ  a  body  in  however  many  lines,  not  directly  opposite 
to  eadi  other,  will  be  compounded  into  one  force :  for  suppose 
three  forces,  AB,  AC,  and  A  F,  fig.  7,  to  operate  in  their 
several  directions  at  the  same  instant,  on  the  body  A,  the^ 
will  be  compounded  into  the  force  represented  by  A  I ;  for  if 
we  describe  a  parallelogram  as  before  by  the  lines  A  B  and 
AC,  those  two  forces  will  be  compounded  into  a  force  repre- 
sented by  A  D ;  and  again,  if  we  do  the  same  with  the  two 
farces  A  C  and  A  F,  we  shall  have  the  force  A  H  composed  of 
tbem.     We  have  therefore  two  forces  A  D  and  A  H  com- 
poonded  of  the  three  original  forces.    If  we  proceed  with 
Uiese  two  in  the  same  manner,  they  will  be  compounded  into 
die  force  represented  by  A 1 ;  D I  and  H  I  completing  the 
pamlldogram  of  which  A I  is  Uie  diagonal:  so  that  any  num- 
ber of  forces  acting  in  any  number  of  directions,  excepting 
in  0|>po6ite  ones,  may  be  compounded  into  one,  which  is 
term^  their  composanty  and  wbich  is  always  represented  by 
the  ^agomd  of  a  parallelogram,  like  that  already  shown. 

The  resolution  of  forces  is  exhibited  by  reversing  this 
probiem;  for  as  any  number  of  forces  may  be  combined 
mto   one   force,  so   may  one  force  be  resolved   into   any 
niiiiii>er.    If  a  single  force  be  represented  by  a  ball  mov- 
ing with  a  certain  velocity  in  the  direction  of  the  line  A  B, 
fig.  8,  when  it  shaU  come  in  contact  with  and  act  upon  the  balls 
C  and  D,  these  two  balls  will  each  of  them  move  with  one 
half  of  the  velocity  vrith  whidi  B  was  impelled,  and  in  the 
dirretiott  of  the  lines  C  H  and  DI,  drawn  from  the  centre  of  B 
tbroagb  each  of  their  centres :  so  that  if  the  force  of  B  be 
SfiM  ioto    two  equal  portions,   each   of  those  portions 
m^r  bv  a  similar  process,  be  again  divided,  resolving  the 
t^%Tce  to  infinity. 
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The  next  effect  of  forces  iipon  bodies  produdog  motioai 
is  that  in  whidi  a  body  receiyes  motioii  finom  one  fiorce, 
whilst  it  is  under  the  continuous  action  of  another  force,  not 
acting  upon  it  in  an  opposite  direction.  Suppose  the  ball  A^ 
fig.  9,  to  be  ejected  from  the  mouth  of  a  cannon,  the  in- 
stant it  has  left  it  at  A,  it  will  be  under  the  influence  of  the 
force  of  gravitation,  which  will  cause  it  to  descend  towards 
the  earth  in  the  manner  already  shown  idien  speaking  of 
accelerated  motion,  and  ultimately  will  bring  it  to  a  state  of 
rest  at  the  point  B :  for  supposmg  that  ti^e  ball,  by  the 
force  of  the  powder,  leaves  A,  and  travels  in  the  first  second 
of  time  a  given  number  of  feet,  expressed  by  the  line  A  C, 
the  gravitating  force  during  such  action  will  cause  it  to 
descend  sixteen  feet,  expressed  by  the  line  C  D ;  and  durii^ 
the  next  second,  supposing  the  powder  to  have  impelled  it 
the  distance  expressed  by  tixe  line  D  £,  the  gravitating  force 
will  cause  it  to  fall  forty-eight  feet,  as  is  shown  by  £  F ;  and 
during  the  next  portion  of  its  horizontal  motion,  expressed 
by  F  G,  its  descent  by  gravitation  will  amount  to  eigh^ 
feet,  represented  by  G  B.  The  line,  therefore,  in  which 
the  body  would  move  when  acted  upon  by  these  two  forces 
only,  would  be  that  of  a  parabolic  curve  j  but  as  the  re- 
sistance of  the  air  is  to  be  taken  into  account  in  all  practical 
cases,  the  line  of  motion  changes  very  considerably,  and  assume^ 
one  that  involves  a  problem  of  exceeding  con^>lexity ;  which, 
t<^ether  with  many  other  results  of  the  effects  of  combined 
forces,  is  of  such  intricacy  as  to  demand  much  more  room  for 
their  solution  than  the  limits  of  this  work  will  penpit  us  to  give* 

OF   FRICTION. 

TaB  surfEuses  of  bodies,  howev^  smooth  they  may  ap- 
pear to  be,  will  be  found,  upon  a  minute  iiispectioa,  to  possess 
cert^  irregidarities  :  so  that  if  the  bodv  A  B,  fig.  10,  have 
to  move  upon  the  surface  of  the  body  b  D,  and  tbe  lower 
surface  of  A  B  possesses  prominences  which  enter  into 
cavities  in  C  D,  it  is  manifest  that  A  B  cannot  be  moved 
along  unless  it  either  rises  and  falls  tbe  height  ot  the  several 
prominences,  or  breaks  them  off:  in  the  first,  it  will  have 
to  overcome  the  attraction  of  gravitation ;  in  the  second,  the 
attraction  of  cdieeion.  Again,  if  the  body  A  B,  fig.  11,  be 
placed  between  C  D  and  £  F,  whidi  are  pressed  against  its 
sides  by  any  applied  force,  and  their  surfaces  be  similar  to 
those  in  the  former  instance^  to  eScct  the  movement  of  A  B, 
the  attraction  of  eofae^on  must  be  overcome,  as  before 
shown,  or  the  applied  force  must  be  qonquercd.    Such  is  the 
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almost  umvcmal  nature  of  that  resistance  called  f rictum ;  for 
akhoQgh  the  irregularities  upou  the  surfaces  of  bodies  are  by 
no  mfiaos  so  manifest  as  those  here  represented^  stilly  upon 
yimtiti*  examination^  we  are  enabled  to  discover  that  the 
smoothest  sur&ices  contain  them ;  and  as  the  amount  of  resist- 
ance increaees  in  direct  proportion  as  the  irregularities  present 
themnelyesy  we  are  warranted  in  concluding  Uiat  all  resistance 
aiifiiiig  firom  frictbn  owes  its  origin  solely  to  this  cause. 

or  THB  MBCHAKICAL  PO^^^S. 

Thb  mechanical  powers  ^e  six  in  number^  the  levbe^ 
the  WHSBL  and  axlb,  the  pulley^  the  incunkd  planb^  tjie 
vsDGBy  and  the  scebw.  A  perfect  knowledge  and  thorough 
afppffedation  oif  which  should  be  clearly  understood  by  tiiose 
i^o  pucpose  to  examine  into  the  effiscts  of  mechanic^  com- 
iHnntions  |  the  whole  of  wfaich^  however  intrieate^  originate 
Cram,  and  are  reducible  to,  pne  or  more  c^  the  laws  which 
gpfvera  th«8^  simple  mJM^hines, 

la  demonstrating  the  mechanical  powers,  that  which  is  not 
strictty  true  nmst  be  jadmitted :  the  force  of  gravitation,  the 
retardation  of  friction,  the  resistance  of  the  atmosphere, 
pad  the  irreguhuiw  arisij^  from  the  partial  elasticity  of  the 
idbstancses  of  which  they  are  formed,  nmst  be  excluded^  and 
flDDoaed  not  to  exist. 

The  first-mentioned  power  is  the  leveTf  which  is  divided 
into  three  classes.  In  fig.  12,  A  B  is  a  lever,  and  C  the* 
ColcTDm,  or  immovable  point  on  which  it  rests:  now,  if 
a  force  be  applied  at  B,  and  the  resistance,  or  the  force  or 
wei^t  to  be  overcome,  is  at  A,  then,  with  the  fulcrum  so 
between  the  forces,  it  is  called  a  lever  of  the  first 
\ ;  and  the  operation  at  tiie  force  at  B  to  overcome  the 
!  at  A,  will  be  in  proportion  as  the  distance  A  C  is 
io  the  distance  B  C ;  that  is  to  say,  if  B  C  be  four  times  the 
distance  of  A  C,  the  b^rce  applied  at  B  will  be  exactJy  equal 
Co  four  times  the  same  amoi^nt  of  force  at  A ;  or  one  pound 
wo{^  at  B  win  coupterbalance  four  poupds  weight  at  A  ; 
\k^  to  whateyer  hdght  (suppose  one  foot)  the  weight  at  A 
be  raised.  B  miyat  descend  four  times  that  space,  and  con-r 
aequeotly,  to  place  B  in  its  original  position,  the  force  applied 
uamt  be  equal  to  the  ndsing  of  four  single  pounds  one  foot 
esui,  wl^b  is  the  same  as  the  losing  of  four  pounds  one 
foot,  a$  waa  effec^ted  at  A. 

An  actfud  gt^  ^^  power  does  not  exist,  but  the  gain  in 
^worenieoce  is  g^^^  9  ^^h  by  ^^c  operation  of  one  pound, 
Aw  poiowfa  i»   Mav^  which,  but  for  the  invention  of  the 
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lever,  could  not  have  been  effected.  A  man  whose  utmost 
strength  could  lift  no  more  than  one  hundred  and  fifty 
pounds  is  by  this  means  rendered  capable  of  giving  motion 
to  four  times  that  weight,  although  he  is  obliged  to  exert  his 
strength  through  four  times  the  distance.  A  lever  of  the 
second  class  may  be  represented  by  supposing  A  to  be  the 
fulcrum,  B  the  force  applied,  and  C  the  weight,  or  resistance 
to  be  overcome.  The  effect  of  this  lever  must  be  estimated 
by  comparing  the  distances  C  B  to  A  B ;  the  power  will  in- 
crease or  diminish  exactly  in  proportion  as  A  B  exceeds  C  B, 
«nd  the  distance  that  B  moves  through  will  increase  exactly 
in  the  same  proportion. 

Suppose,  in  reference  to  the  same  figure,  C  to  be  the  force 
applied,  A  the  fulcrum,  and  B  the  resistance,  it  will  then 
represent  a  lever  of  the  third  class.  The  effect  of  levers 
of  this  class  b  to  lose  power  for  the  purpose  of  gaining  either 
motion  or  distance.  For  if,  in  the  last  mode,  ^e  power  ap- 
plied at  B  increased  as  the  length  of  A  B  became  greater 
than  C  B,  it  is  plain  that  in  the  present  case,  the  resistance 
at  B  is  placed  in  a  position  to  gain  by  the  same  law :  there- 
fore, the  nearer  the  force  is  placed  to  B  the  greater  will  be 
the  effect ;  and  when  applied  at  B,  the  greatest ;  but  when 
the  force  is  at  B,  it  is  applied  direct  to  the  resistance,  and 
the  lever  is  abandoned;  consequently  C,  in  every  position 
between  A  and  B,  loses  power  to  a  greater  or  less  extent. 
*  As  the  movement  of  C,  in  the  last  case,  was  one  half  that 
of  B,  so  in  the  present  case  will  the  movement  of  B  be  twice 
that  of  C. 

In  particular  operations,  levers  of  each  of  these  classes 
have  their  particular  uses.  The  simplest  application  of  the 
first  sort  may  be  seen  in  scissors,  shears,  forceps,  &c.  the 
pin  in  the  jomt  is  the  fulcrum,  the  hand  is  the  force  applied, 
and  the  substance  to  be  cut  or  pinched  is  the  resistance  to 
be  overcome  ;  the  second  sort  of  lever  is  presented  to  us  iu 
the  cutting  knives  used  by  last-makers,  where  the  hand  is 
the  power,  the  ring  into  which  the  other  end  of  the  knife 
is  hooked  is  the  fulcrum,  and  the  object  to  be  cut  is  the 
resistance,  Conmion  fire-tongs  are  levers  of  the  third  class, 
as  they  possess  a  capabilitv  of  being  extended  at  the  ex- 
tremities :  in  using  them  the  motion  of  the  hand  produces, 
perhaps,  six  times  it^  own  motion  in  the  extremities,  and  a 
loss  of  power  exists  in  a  similar  proportion ;  but  as  they 
have  to  be  used  only  for  a  short  period,  the  loss  of  power 
is  of  less  importance  than  the  convenience  gained.  This 
fast  class  of  lever  is  frequently  introduced  in  machinery, 
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tor  the  purpose  of  obtaining  a  rapid  motioD ;  and  as  the  same 
object  iias  been  aimed  at  in  the  construction  of  almost  all 
anhnaltf,  we  find  that  nature  has  introduced  it  most  fre- 
quently. 

We    have   considered  the  operations  of  the  lever  by  the 
diflerent  diq>06ition8  of  the  acting  and  resisting  forces  and 
the  fiilcnnn,   under    the   supposition  that  the  lines  of  the 
<firectkm  of  the   forces  were  at  right  angles  to  the  arms  on 
wUdi  they  operated^  or  formed  tangents  to  the  arcs  which 
die  moTements  of  those  arms  described ;  but  if  we  alter  the 
fonn  at  a  lever  ftom  that  of  a  right  line,  and  the  two  forces 
stin  maintain   their   parallel  direction,  the  action  on  their 
respective  arms  -win  be  no  longer  at  right  angles,  and  their 
effects  win  in  consequence  be  varied ;  the  mode  of  estimating 
those  effects  must  be    also  changed.     Fig.  13,  ABC  repre- 
sents a  bent  lever  resting  upon  its  fulcrum  B,  and  having 
appended  to   each  of  its  arms  the  weights  D  and  £,  which 
are  equal  to  each  other  and  in  equilibrium,  notwithstanding 
the  arm  B  A  is   longer  thap  the  arm  B  C.    Draw  the  hori- 
smtal  Hne  G  H,   passing  through  the  fulcrum  B,  then  the 
Wrights  D  and  £    acting   in  perpendicular  lines,  we  may 
W^Tip  that  r>  is  suspended  at  the  point  I,  and  £  at  the  point 
^  at  which  points  they  will  operate  similarly.    Suppose  K  I 
t©  be  the  lever,  the  arms  I  B  and  B  K  will  then  be  equal, 
and  if  their  distances  are  multiplied  into  £  and  D,  which 
ve  equal  forces,  their  effects  will  be  equal.    The  action  of ' 
parallel  forces  upon  levers,  that  do  not  receive  the  action  at 
right  anf^les  to   their  respective  arms,  should  be  estimated 
by  the  force  multiplied  into  a  line  drawn  from  the  fulcrum, 
perpendicular  to  the  line  of  direction  of  each  respective  force ; 
and  whatever  may  be  the  form  of  the  lever^  it  is  i^parent, 
that,  if  the  lines   of  direction  varv  from  being  tangents  to 
the  arcs  desmbed  by  its  arms,  their  effects  must  be  esti* 
mated  by  the  length  of  perpendiculars  let  fell  upon  the  lines 
of  direction  in  a   simill^  manner.    Recurring  to  fi^  13,  it 
will  be  seen,  that  if  the  arm  B  A  rise  to  the  position  BL,  the 
perpemficular  B  I,  if  allowed  to  &11  upon  the  line  of  direc- 
tios,  will  be  increased  from  B I  to  B  M,  and  that  the  effect 
of  the  f<»rce  D  orer  £  will  be  augmented.    This  peculiarity 
is  broogiit  mto  operation  in  a  baJance  that  has  a  graduated 
scale  oa  an  arc,  as  A  G,  the  divisions  of  which  arc  decreases 
BB  it  rises  in  such  a  manner  as  to  exhibit,  by  the  movement 
of  Ay  equal  portions  of  force  acting  upon  £.    There  is  how- 
ever a  case  of  common  occurrence,  namely,  that  of  drawing  a 
fuul  with  the  &iig  of  a  hammer,  wherein  the  effects  of  tha 
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applied  aad  resisting  forces,  being  the  liand  and  the  nail^ 
fdthough  acting  with  a  lever  bent  at  right  angles,  still  ope- 
rate as  though  the  lever  were  straight ;  for  the  direction  of 
the  forces  being  changed  to  the  exact  amount  of  the  same 
apgle  as  that  to  which  the  lever  is  bent,  they  continue  to  act 
at  right  angles  to  their  respective  arms^  which  arms  will  con- 
sequently represent  perpendiculars  let  fall  from  the  fulcrum 
on  their  respective  lines  of  direction. 

The  principle  of  the  bent  lever  is  not  unfrequently  intror 
duced  into  machinery  in  order  to  gain  a  greater  degree  itf 
^wer.  Suppose  ABC,  fig.  14,  to  represent  a  bent  lever 
moving  on  its  fulcrum  B,  the  operating  forc^  at  A  acting  in 
th^  direction  of  A  D,  and  the  resistance  at  C  in  the  direc- 
tion C  E  :  now,  as  the  line  of  direction  of  the  force  C  falls 
upon  the  fulcrum,  it  is  evident,  that  no  petpendicular  can  be 
let  fall  from  the  fulcrum  upon  it,  and  consequently,  thp  power 
of  C  can  be  nothing  in  conmarision  to  that  oi  A,  whose 
perpendicular  upon  its  line  of  direction  is  B  A;  for  the  in- 
stant the  lever  begins  to  move,  suppose  to  A 1,  C  1,  then  the 
perpendicidar  on  the  line  of  direction  of  the  /orce  C,  as- 
suages a  mensurable  fonn,  as  B^  B  1,  whilst  the  power  of  A 
has  only  decreased  from  B  A  to  B  F.  From  this  it  will  be 
seen  that  at  the  commencement  of  the  action  of  A,  its 
power  over  C  was  indefinite,  but  instantly  after  the  com- 
mencement of  that  action  by  the  movement  of  C  out  of  the 
perpeodicular  £B,  resistance  likewise  conoimenced,  as  the 
perpendicular  from  the  fulcrum  then  assumed  a  mensurable 
amount. 

THB  WHSSL  AND  AXLE* 

The  next  sixnple  machine  classed  as  a  mechanical  power, 
is  termed  the  wheel  and  a^le,  and  is  represented  at  fig.  15- 
A  the  wheel,  B  a  ciicylar  bar  called  the  axle,  both  turning 
upon  one  centre,  at  C.  In  general,-  the  force  is  applied  by 
fixing  a  rope  to  the  outer  rim  of  the  wheel,  as  represented 
by  D,  whilst  the  resistance,  or  the  weight,  or  force  to  be 
overcome,  is  represenl^d  by  £,  attached  by  a  rope  to  the 
axle.  By  a  simple  analysis,  this  machine  will  be  found  to 
be  merely  a  method  of  obtaining  a  continual  action  of 
levers  of  the  first  class ;  for  if  we  suppose  the  radius  of  the 
wheel  to  be  the  longer  aroa  of  the  lever,  the  radius  of  the 
axle  the  shorter  arm,  and  the  centre  on  which  they  turn  tlie 
fulcrum,  we  have  a  lever  of  the  first  class ;  but  from  these 
two  members  being  circylar,  their  radii  are  an  indefinite 
number  of  levers,  and,  Jiy  the  reydving  of  tiie  wheel,  » 
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immbcr  of  leven  of  tfais  class  are  continually  brought  into 
operation.  The  ^ective  power  of  the  wheel  and  axle  must 
liieretoe  be  calculated  by  the  same  mode  as  a  lever  of  the 
first  ctoss ;  for  as  the  radius  of  the  wheel  exceeds  that  of 
the  axle,  so  increases  the  power,  and  so  inereases  the  distance 
that  tbe  operative  force  has  to  pass  through. 

Hie  whed  and  axle  is  s^plieid  in  the  apparatus  for  ndsine 
water  fnmt  wdls,  and  is  introduced  in  many  machines,  which 
riiall  b^  shown  as  we  pioeeed« 

T^B  jwOy,  represented  at  fig,  16,  is  the  third  mechanic 
power,  it  is  of  a  circolar  form,  fixed  upon  a  pin  that  runs 
throof^  its  cefitre  at  C,  and  round  which  it  revolves.  The 
mode  of  applying  the  pulley  is  by  placing  a  rope  over  its 
o(%xt^^  linit  to  f^  extremities  of  which,  at  A  and  B,  the  force 
to  be  applied,  and  the  weight  or  resistance  to  be  overcome, 
9re  mdMCiiminatdy  attach^,  the  centre  C  being  supported 
hf  the  strap  D.  The  operations  of  this  instrument  are  re-* 
fiefnfale  dLso  to  tb^  action  of  a  lever  of  the  first  class ;  the 
|ia  on  whidi  it  revolves  is  the  ftdcrum,  and  the  radii  of  the 
cade  £  F  the  two  anns,  which,  being  equal,  no  augmenta- 
Hm  or  diwiinntion  of  power  can  arise. 

Wben  used  in  tiiis  manner,  the  pulley  is  but  a  method 
of  altering  the  direction  of  tlie  applied  force.  But  if  in- 
Tcrted,  aa  shown  in  fig.  17,  where  the  end  of  the  line  A  is 
attartifd  to  a  fixed  point,  the  weight  or  resistance  being 
at  Cy  and  the  appliea  force  acting  upwards,  the  line  from 
A  boDg  permanently  fixed,  it  wiU  become  a  fulcrum ;  and 
tlie  lumvontal  radh  of  the  circle  assume  the  position  of 
tfaatt  of  a  lever  of  the  second  class ;  which  gains  in  power  as 
tke  respective  forces  of  implication  and  resistance  are  distant 
froea  tiie  fidcrum ;  as  B,  for  instance,  is  twice  as  far  from 
A  aa  C,  die  weight  or  force  applied  at  B  will  raise  twice  its 
WMhtatC. 

Tne  eooAined  action  of  several  pullies  is  called  a  tackle, 

see  tg.  18,  whez«  A  and  B  are  two  pullies  fixed  in  the  position 

repeieuted,  and  C  D  two  others,  capable  of  being  either 

ramd  or  lowered  ^  the  rope  E  passes  over  A,  under  D,  over 

B,  Madaoder  C,  s^nd  is  permanentiy  fixed  at  F.    It  is  there- 

fmt  mmient  iha^  if  the  weight  G  be  suspended  from  the 

(jgntf^cfC  and  I^>  (bodi  of  niuch  are  in  the  position  de- 

.u^nh^xt  fiir    17^)  *^^  ^^^  of  them  will  divide  its  force  by 

^^^^ad  i^at    ooe  quarter  of  the  weight  G,  placed  at  E, 
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will  counterbalance  G.    The  pullies  A  and  B  being  used  only 
to  change  the  direction  of  the  action. 

The  construction  of  tackles^  consisting  of  four  pulhes^  or, 
as  they  are  sometimes  called^  sheeves^  is  very  similar  to  that 
represented  by  fig.  19. 

For  a  rule  to  estimate  the  force  which  is  necessary  to 
overcome  any  force  acting  at  G,  take  half  the  force  at  G 
and  divide  it  by  the  number  of  lower  pullies  in  the  tackle, 
and  it  will  give  the  amount  pecessary  to  counterbalance  it 
atE. 

»    THS  INCLINED   PLANS. 

Tbb  inclined  plane  is  the  fourth  mechanical  power.     It  is 
represented  at  fig.  20,  where  AB  is  supposed  to  be  a  plain 
surface,  supported  at  one  end,  so  that  it  may  lay  obliquely 
to  the  horizon.    By  this  power  a  heavy  weight  can  be  nused 
with  much  less  force  than  would  be  required  to  elevate  it 
perpendicularly,    ^fhe  manner  of  using  it  for  the  raising  of 
weights,  is,  to  cause  the  applied  force  to  act  in  a  direction 
parallel  to  the  plane  AB,  and  in  the  direction  from  A  to 
B,  as  represented  bv  the  line  A  £  acting  on  the  body  £; 
the  power»gained  is  m  proportion  to  the  length  of  the  line 
A  C,  which  is  the  base,  compared  to  the  perpendicular  C  B : 
now  if  A  C  be  twenty  feet,  and  C  B  five,  then  A  C  being 
four  times  C  B,  the  power  gained  will  be  as  four  to  one, 
that  is,  the  force  equal  to  the  raising  of  one  pound  perpen- 
dicularly, will  raise  four  pounds  along  the  inclined  plane  A  B, 
which  being  four  times  the  length  of  C  B,  Uie  force  will  have 
to  move  through  four  times  the  distance,  as  was  shown  to 
be  the  case  in  the  use  of  the  lever.    This  mechanical  con* 
struction,  then,  o£fers  but  another  mode  of  effecting,  by  the 
application  of  a  small  force  for  a  longer  period  of  time,  that 
which  would  otherwise  require  a  much  more  considerable 
force  to  accomplish  it.    Tne  power  gained  in  an  inclined 
plane  may  be  always  estimated  by  dividiuj^  the  length  of 
the  base  of  the  plane  by  the  perpendicular  height  of  its  most 
elevated  end.    The  application  of  the  simple  inclined  plane, 
in  mechanical  combinations,  is  not  very  frequent  in  respect 
to  its  power ;  but  its  introduction  is  by  no  means  uncom- 
mon for  the  purpose  of  obtaining  a  regularly  ascending  motion. 
The  gradual  ascent  of  roads  and  railways  to  gain  the  summits 
of  hills,  and  the  slide-ladder  used  by  brewers  in  loading  and 
unloading  their  carts,  are  well  known  applications  of  it9 
principle. 
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Ths  fifth  mechanieal  power  is  the  wedge;  one  form  of 
wfakh  is  shown  at  fig.  21.  It  operates  in  a  similar  manner 
to  the  inclined  plane;  butinst«Eul  of  the  resistance  or  force 
to  be  OYercome  being  moved  along  its  sur&ce^  the  plane 
itiel^  which  is  now  cidled  the  wedge,  is  forced  beneath  the 
object  to  be  raised.  Thus^  if  the  wedge  A  B  move  upon  a 
kvel  plane  to  the  position  A  1,  the  weight  D  will  be  raised 
ficom  its  position  to  the  height  D 1 ;  and,  consequently, 
will  pass  over  the  whole  upper  plane  of  the  wedge  A  B,  and 
nhiirortely  attain  the  perpendicular  height  BC.  If  A  B  be 
divided  by  B  C,  the  quotient,  as  in  the  inclined  plane,  will 
represent  the  power  which  the  wedge  is  capable  of  exerting ; 
or  if  A  B  is  roar  times  B  C,  the  power  forcing  forward  the 
wedge  to  A  1  is  capable  of  rabing  the  body  D  four  times 
its  own  amount  to  the  porition  D  1.  Hie  wedge  representei:} 
in  %.  22y  is  most  generally  applied  to  the  purpose  of  di- 
viding wood,  where  the  resisting  force  to  be  overcome  acts 
on  boch  sides  of  it.  To  estimate  the  amount  of  power  gained 
by  this  form  of  the  instrument,  we  must  consider  it  as  two 
vdned  planes,  ABC  and  C  B  D  conjoined ;  and  as  the 
foros  operating  at  £  and  F  are  equal,  we  shall  have,  as  A  C 
ii  to  C  B,  so  is  the  resistance  F  to  the  force  necessary  to 
Oferoome  it ;  and  as  the  force  E  and  the  other  portion  of  the 
wedge  are  mmilarly  opposed,  the  total  AD  is  to  C  B,  as 
the  total  resistance  F  and  E  is  to  the  power  necessary  to  be 
exerted  to  counterbalance  that  resistance ;  or,  as  many  times 
as  A  D  will  go  into  C  B,  so  many  times  may  the  resistance 
contain  the  amount  of  the  applied  force. 

THE  SCRBW. 

Thb  screw  is  the  sixth  and  last  of  the  mechanical 
powers.  In  the  manner  of  its  construction  it  is  in  general 
said  to  bear  reference  to  an  inclined  plane  woimd  about  a 
cylinder;  but  as  the  power  of  the  inclined  plane  corres- 
ponds with  that  of  the  wedge,  and  the  mode  of  applying 
the  farilities  thev  possess,  alone  forms  their  difference,  and 
tt  the  screw  is  almost  universally  moved  to  effect  the  same 
purposes  as  the  wedge,  it  would,  with  greater  propriety, 
as  regards  its  action,  bear  reference  to  that  instrument. 

Pig.  23  representA  a  cylinder  £  £,  upon  which  we  will 
nppcte  the  wedge-shaped  piece,  A  B  C,  is  capable  of  being 
roood;  when  wrapped  round  such  cylmder,  it  will,  by  its 
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upper  edge  .  B  C^  represent  spiral  lines,  similar  to  B  I> 
and  F  G.  Now,  as  the  piece  ABC  is  in  the  shape  of  a 
wedge  or  inclined  plane,  it  should  have  its  power  esti- 
mated by  the  line  A  C  compared  to  the  h^ht  AB; 
and  if  the  line  B  C>  wound  in  its  spiral  direction,  shaJl 
just  circumscribe  the  cylinder,  the  point  C  will  be  found 
directly  beneath  B,  and  the  distance  between  C  and  B,idien 
thus  lapped  on  the  cylinder,  will  represent  the  line  AB,  on 
the  perpendicular  of  the  inclhied  plane  or  we<%e ;  wfaidi,  when 
compared  with  A  C,  now  represented  by  the  ciroumference 
of  tne  cylinder,  will  gire  the  same  data  from  whidi  the 
power  of  the  screw,  so  formed^  should  be  calculated.  Con- 
sequently the  comparison  of  the  circumference  of  the  ncrew, 
and  the  distance  bietween  one  thread  and  another,  measured 
on  a  line  parallel  to  the  axis  of  the  sorew,  is  that  from  which 
its  power  should  be  calculated,  or  as  the  distance  between 
the  two  threads  is  to  the  circumference,  so  the  power  to  be 
applied  is  to  the  resistance  to  be  overcome;  or  if  the 
curcumference  be  three,  and  the  power  one,  the  force  equal 
to  one  bhall  overcome  a  force  equu  to  three. 

Fig.  24  represents  a  screw  of  more  perfect  formation  ^ 
but  the  general  construction  of  the  screw  is  so  familiar  to 
every  one,  that  we  conceive  it  to  be  almost  needless  to 
enter  upon  a  more  minute  descriptioiL  A  B  represents  the 
acclivity  of  the  plane  from  which  such  screw  is  formed,  and 
the  distance  between  B  and  C  represents  what  should  be 
compared  to  the  circumference  in  order  to  discover  the 
power  it  possesses. 

The  screw  is  applied  to  mechanical  purposes  chiefly  to 
obtain  great  pressures  in  small  distances  5  and  upon  eza- 
muiation  it  will  be  seen,  tiiat  they  afford  a  mediod  of  using- 
a  wedge  of  an  extremely  small  inclination,  and  by  con- 
sequence of  great  power.  The  screw  is  sometimes  used 
for  raising  exceedingly  heavy  weights.  The  hollow  screw, 
or  the  counterpart  in  which  a  screw  operates,  when  in  the 
form  of  a  small  movable  piece,  is  called  a  nut,  and  tiie  cavity 
is  termed  .a  female  screw,  the  properties  of  which  are^  as 
respects  power,  exactly  similar  to  the  screw. 

We  have  now  duly  considered  the  nature  and  properties 
of  the  mechanical  powers  when  in  a  state  of  uncombined 
action;  and  shall,  in  the  next  place,  previously  to  repre- 
senting them  in  some  of  the  simplest  forms  in  which  they 
are  combined,  examine  into  one  more  attribute  of  matter^ 
resulting  from  gravity. 
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THB  csNTas  or  GRAvrry. 


Thb  force  of  gravitatioii^  as  we  have  already  shown,  acts 
upon  matter  in  proportion  to  its  quantity :  thus,  if  a  line  be 
drawn  through  any  body  in  such  manner,  that  the  quantity 
of  matter  nraltiplied  into  its  distance  from  the  line  on  one 
side  AxU  equal  the  quantity  of  matter  multiplied  into  its 
^stance  on  tihe  opposite  side,  and  if  another  line  be  drawn 
passmg  through  the  body  in  another  direction,  dividing  it 
m  a  similar  manner,  the  point  where  those  two  lines  meet, 
whether  it  be  situated  within  or  about  the  body,  is  the 
centre  of  gravity ;  and  if  that  point  or  centre,  supposing  it 
within  tike  body,  be  supported,  the  body  will  remain  in  a 
state  of  equilibrium.  Suppose  the  body  D,  fi^.  25,  to  be 
suspended  by  a  line  firom  C,  then  the  point  rl,  which  is 
cidledthe  point  of  suspension,  and  at  which  the  body  is 
smqxnded  in  a  state  of  rest,  will  be  directly  above  the 
centre  of  gravity.  For  if  the  perpendicular  line  H I  be  drawn, 
aul  the  quantity  of  matter  multiplied  into  the  distance  on 
cat  side  of  the  line  be  not  equal  to  the  quantity  of  matter 
VHhipfied  into  the  distance  on  the  other  side,  the  body  will 
•dtbe  at  rest ;  but  as  the  body  is  at  rest,  the  quantity  of 
wtOtT  multiplied  into  its  distance  on  the  one  side,  is  exactly 
tqatl  to  the  quantity  of  matter  multiplied  into  its  distance 
OD  tiie  other.  Again,  susnend  the  body  as  at  fig.  26,  and  let 
a  perpemficular  fim  similarly  from  K,  the  point  of  suspension, 
to  L,  the  body  will  be  ag^  divided  in  like  manner,  and 
the  point  E,  where  the  perpendicular  K  L  intercepts  the  line 
H  I,  win  be  the  centre  of  gravity. 

If  any  force  acting  in  a  direct  line  pass  through  the 
centre  of  gravity  of  a  body,  it  will  produce  uniform  motion  in 
that  body ;  but  if  the  force  so  imfNressed  do  not  pass  through 
the  centre  of  gravity,  that  motion  will  be  unequally  com- 
mumcated.  Inus,  if  at  fig.  26,  M  I  represent  a  force 
fltiiking  the  irregularly  shaped  body  D,  in  a  line  of  direction 
pawing  through  its  centre  of  gravity  E,  the  force  so  impressed 
oo  that  body  mU  cause  it  to  proceed  with  a  uniform  velocity, 
as  regards  all  its  parts ;  but  should  the  force  M I  be  impressed 
at  thepdnt  F,  as  M  1^  the  line  of  direction  not  being  through 
the  centre  of  gravity,  an  irregular  motion  will  be  communi- 
caftedy  and  the  body  will  acqidre  a  revolving  motion  round  its 
crntre  of  gravity. 
Ab  the  centre  of  gravity  is  the  most  advantageous  point  for 
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giving  to  a  body  uniform  motion,  so  also  it  is  the  best  to 
apply  resistance  to  arrest  the  progress  of  that  motion. 

Most  writers  on  Mechanics  sp^tk  of  the  common  centre  of 
gravity  as  of  more  than  one  body,  or  as  a  system  of  bodies ; 
but  as  they  mean  that  those  bodies  should  be  conjoined,  or 
their  relative  position  maintained  by  some  force,  they  may 
properly  be  considered  as  but  one  body,  and  the  centre  of 
gravity  of  the  whole  assemblage  may  be  estimated  in  a 
similar  manner  to  that  of  one.  Thus,  if  the  bodies  A  and  B, 
fig.  27}  be  conjoined  by  a  line,  their  conunon  centre  of 
gravity  will  be  the  point  £ ;  for  if  a  line  be  drawn  through 
that  point  in  any  direction,  the  masses  of  matter,  multiplied 
into  their  respective  distances  on  each  side,  will  equal  each 
other. 

What  has  been  said  concerning  the  centre  of  gravity,  is 
also  applicable  to  practical  points  ;  as  no  body  can  be  sup- 
ported in  a  state  of  equilibrium,  if  the  point  of  suspensioa 
be  not  exactly  above  or  beneath  its  centre  of  gravity 

SIMPLE   COMBINATIONS  OF  THE  MECHANICAL  POWERS* 

Having  considered  the  capacities  of  the  mechanical  powere, 
and  the  modes  used  for  calculating  their  effects,  we  will 
now  turn  our  attention  to  them  in  a  state  of  combination } 
and  as  all  of  these  instruments  are  in  themselves  gainers  of 
power,  power  must  be  considerably  increased  when  they 
become  adjuncts  to  esLch  other.  Thus,  in  fig.  28,  we  have 
a  combination  of  three  levers,  each  of  them,  by  the  dis- 
proportion of  their  arms,  gainers  of  power  as  three  to  one; 
GGG  being  their  several  fulcrums,  the  weight  H  will 
operate  with  thrice  its  power  at  B,  by  means  of  the  lever 
AB;  the  effect  will  be  again  trebled  by  CD;  and  that 
amount  again  trebled  by  the  action  of  iEhe  lever  E  F.  Con- 
sequently, if  we  call  M  one,  by  AB  it  will  be  raised  to  three, 
by  CD  to  nine,  and  by  E  F  to  twenty-seven;  so  that  a 
weight  of  one  pound  at  A  will  support  twenty-seven  pounds 
atF. 

The  combination  of  the  action  of  levers  may  thus  be  ex- 
tended to  the  gain  of  almost  any  amount  of  power ;  and 
when  bent  levers  are  introduced,  their  powers,  which  in 
peculiar  situations  have  been  shown  to  be  very  great,  may  in 
like  manner  be  multiplied. 

The  wheel  and  axle  is  an  implement  not  frequently  used  in 
its  simple  state.  In  machinery,  wheels  are  mostly  turned 
by    means  of  prominences   upon    their  peripheres,  called 
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odgSy  or  teetfay  wluch  being  acted  tipon  by  any  applied  fcnrce, 
cause  the  wheel  to  revolve ;  and  the  axle  being  similarly  fiir- 
msfaed  with  teeth,  or  cogs,  is  termed  a  pinion.  Tlie  ^eel 
and  pinion,  therefore,  bear  a  similar  relationship  to  each  other 
tt  the  wheel  and  axle,  and  their  power  must  be  calculated  in 
the  same  manner.  , Suppose  AB,  fig.  29,  to  be  a  shaft  on 
wfaidi  the  handle  A  C,  of  twelve  inches  radius,  and  the  pinion 
D,  erf  one  inch  radius,  are  fixed ;  and  the  teeth  of  the  wheel 
£,  of  twelve  inches  radius,  acting  in  those  of  the  pinion  D, 
and  upon  the  shaft  of  £  is  fixed  the  pinion  F,  of  one  inch 
cadiua,  communicating  with  the  wheel  G,  of  twelve  inches 
radiua,  upon  the  shaft  of  which  the  pulley  H,  of  one  inch 
radios,  is  CEtstened ;  we  shall  then  have  the  handle  A  C  repre- 
soitin^  the  radius  of  a  wheel,  and  the  pinion  D  in  the  situa- 
tion of  the  axle;  so  that  there  will  be  a  gain  of  twelve  to  one : 
and  the  wheel  £,  bearing  the  same  proportion  to  the  pinion  F, 
will  also  gain  in  a  similar  ratio,  ana  G  being  to  H,  as  £  to  F, 
the  gain  will  again  be  augmeated  to  the  same  extent ;  so  a  force 
e^ial  to  one  at  C  will  operate  as  twelve  at  D ;  and  twelve  at 
D  win  operate  as  a  hundred  and  forty-four  at  F;  and  at  H  as 
seventeen  hundred  and  twenty-eight.  Thus  one  pound  at 
C  will  raise  seventeen  hundred  and  twenty-eight  pounds  at 
B,  and  the  handle  C  will  have  to  pass  through  seventeen 
hmdred  and  twenty-eight  times  the  distance  through  which 
(fe  weight  I  will  move.  By  this  form  and  disposition  of 
iriteela  and  pinions,  an  accession  of  power  is  obtained  ;  but  if 
▼dodty  be  required  at  the  expense  of  power,  this  tndn 
should  be  inverted.  For,  if  we  suppose  the  pulley  H  to  be 
tunied  by  a  force  so  as  to  cause  the  weight  I  to  pass  through 
one  foot,  the  periphery  of  the  wheel  G  will  have  passed 
through  twelve  feet,  and  the  periphery  of  the  pinion  wiU  have 
gone  through  the  same  distance;  but  the  wheel  £  being 
twelve  times  the  diameter  of  F,  it  will  have  passed  through 
twelve  times  that  distance,  or  a  himdred  and  forty-four  feet ; 
and  the  pinion  D,  in  like  manner,  will  cause  C  to  pass  through 
twdve  times  that  amount  of  space,  or  seventeen  hundred 
and  twenty-eight  feet ;  whilst  the  force  required  at  H  to 
camse  this  motion,  must  be  seventeen  hundred  and  twenty- 
ca^t  times  the  resistance  at  C. 

As  the  circumferences  of  wheels  are  proportionate  to  the 

ditimiferences  of  the  pinions  they  have  to  act  upon,  or  be 

acted  upon  by,  bo  must  the  number  of  teeth  in  the  one  be 

to  tbose  in  tne  other,  otherwise  the  size  of  the  teeth  would 

not  be  sjmilar  ;  thus,  a  wheel  that  is  twelve  inches  diameter, 

and  a,  vioion  one  inch,  tlie  circumferences  of  circles  being 

-.^.^Jrm    to    their  diameters,  the  wheel  should   have 
m  proportion    ^^  ^     > 
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twelve  times  as  maay  teeth  as  the  pinion^  therefore^  in  ^raC'' 
tioe,  the  number  of  teeth  may  be  taken  as  data  to  estimate 
the  power  or  velocity.  Suppose  a  pinion  has  five  teeth,  and 
a  wheel  sixty,  their  power  wiU  be  as  twdve  to  one,  as  five 
will  go  twelve  times  in  sixty;  that  is,  the  pinion  will 
have  to  turn  twelve  times  to  move  the  wheel  onoe ;  and  if 
turned  by  a  liandle  A  C,  whose  ra£us  is  equal  to  the  wheel, 
the  power  rained  will  be  in  the  same  ratio ;  and  if  the 
pinion  is  dnven  by  the  whed,  the  vdooity  obtained  will,  in 
like  manner,  increase  ;  consequently  the  velocities,  or  powers 
of  any  combination  of  wheds,  may  be  estimated  by  their  dia- 
meters, circumferences,  or  number  of  teeth. 

Although  this  mode  of  communieating  motion  is  used  to 
a  very  great  extent  in  applying  wheei-wcn^  to  machinery, 
yet,  in  peculiar  cases,  straps,  chains,  and  cordage,  of  vari- 
ous descriptions,  are  benefi^dly  introduced  to  transfer  the 
action  of  wheels. 

Combinations  of  the  wedge  are  not  very  common :  but 
its  properties  are  introduced  under  several  modifications, 
and  afford  methods  of  obtaining  power  of  consideraUe  pres- 
sure in  short  distances.  For  instance,  that  common  and 
well-known  part  of  mechanical  construction,  called  the 
camb,  or  eccentric,  is  a  wedge  applied  by  one  of  its  faces  to 
a  cylhider,  which,  by  being  turned  by  means  of  a  lever,  is 
capable  of  producing  a  powerfiil  action.  Fig.  30  represents 
a  (^Hnder  A,  with  a  wedge  B  wound  round  it,  but  which,  in 
this  position,  is  denominated  a  camb,  or  eccentric  piece ;  by 
the  motion  of  the  lever  C  to  the  situation  C  1,  the  cylinder 
A,  with  the  camb  B,  is  brought  into  the  position  B 1 ;  tnereby 
raising  the  obstacle  D  to  D 1.  The  power  gained  in  this 
<^>enKtion  may  be  ascertained  thus:  as  the  lengtii  of  the  lever 
C  firom  the  center  of  A  exceeds  the  radius  of  A,  so  wiU  the 
imct  Implied  at  C  be  increased,  at  the  point  £,  where  it  may 
be  supposed  to  act,  agfunst  the  wedge  or  camb  B ;  and  the 
efibrt  to  raise  D  may  be  known  by  eonsidmng  the  proportkm 
of  E  F  to  E  H^  which  is  the  portion  of  the  circumference  that 
must  be  considered  as  its  base,  'fhus.  If  we  call  the  length 
of  the  lever  C  three,  and  the  radius  of  A  one,  if  the  fo*ee 
acting  at  C  be  one,  its  power  at  £  will  be  three;  and  shoiil<l 
the  height  £  F  be  one  third  of  the  base  of  the  camb  B, 
this  power  will  be  again  raised  by  three ;  thus,  1  at  C  wiU 
counterbalance  9  at  D.  This  movement  is  extremely  com- 
mon in  order  to  obtain  power,  or  a  regular  direct  moticHi. 
It  is  quicker  than  a  screw,  and  capable  of  considerable 
accuracy. 

Fig.  31  is  another  modification  of  the  wedge,  placed  on 
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tbe  internal  &ce  of  the  cirde  £,  acting  with  its  face  F, 
and  causing  by  its  movement  the  obstacle  I  to  approach 
nearer  to  the  centre  G;  this  is  called  the  sn^  movement, 
and  nd^t  with  propriety  be  termed  a  concentric. 

Anouier  method  of  placing  a  wedge,  so  as  to  apply  its 
effbcts  to  a  revolving  motion,  is  represented  in  a  side  and 
t^  view  at  fig.  32,  where  tl^e  wedge  A  B  is  placed  upon  a 
circular  plate  CD,  turning  upon  the  axis  £,  and  conse- 
quently creating  motion  in  uxe  obstacle  upon  which  it  acts 
to  the  amount  of  the  line  G  A. 

Another  movement  of  considerable  accuracv  is  obtained 
by  tbe  turning  of  a  cone,  the  principle  of  whose  action  is 
referable  to  tne  wedge.  Figl  33  represents  a  cone  fixed 
upon  its  »ds  tit.  If  an  obstacle  be  presented  at  a,  and  the 
cone  be  caused  to  pass  forward  in  the  direction  ki,  the 
surface  ac  will  operate  as  a,  wedge  at  a  be,  raising  the 
obfitade  to  c ;  but  if  during  that  cUrect  motion  the  cone  is 
likewise  caused  to  revolve  on  its  aus,  tbe  obstacle,  instead  of 
p^k^ing  over  a  c,  Mrill  pass  over  the  spiralline  aegd,  to  the 
point  d;  by  this  means  the  (qieration  of  a  wedge,  whose  line 
of  inclination  is  equal  to  the  spiral  line  a  eg  d,  and  whose 
bright  is  equal  to  £  c,  is  brought  into  action ;  and  if  the 
amber  of  revolutions  of  the  cone  be  increased  during  its 
fipect  motion,  it  is  plain  that,  the  effect  of  a  wedge  of 
ai&ute  dongation  may  be  produced. 

The  screw  is  introduced  both  singly  and  in  a  state  of  combi- 
nation inmanvpartsof  machinery.  Tne  combined  action  of  two 
screws,  which  avoid  the  necessity  of  using  a  screw  of  greater 
fineness,  in  which  the  threads  would  be  weakened,  is  repre- 
sented at  fig.  34,  where  they  are  applied  to  a  press.  Suppose 
A  A  to  be  a  screw  fitted  in  a  female  screw  in  tbe  rail  B  C; 
and  D,  a  screw  that  works  in  the  inside  of  A,  having  its 
lower  end  joined  to  the  upper  board  of  the  press  H,  so  that 
it  shall  not  turn  round :  now  if  the  screw  A  A,  and  the  screw 
D,  contain  exacdy  the  same  number  of  tbreitds  in  the  inch^ 
by  turning  A  A  one  revolution,  it  will  nroceed  downwards 
exactly  the  same  amount  that  the  screw  JD  will,  by  the  same 
action,  proceed  upwards,  and  the  bqard  H  will  not  he  moved. 
But  we  frill  suppose  that  the  screw  A  A  contains  four  threads 
in  tbe  inch,  and  the  screw  D  six,  then,  by  one  revolution, 
A  A  win  move  downwards  one  quarter  of  an  inch,  and  D  will 
St  tbe  same  time,  and  by  the  same  aqtioii,  be  raised  one- 
sixtb  of  an  inch,  therefore  the  board  H  will  move  downwards 
tbe  deference  between  one  quarter  and  one-sixth,  or  one- 
twetftb  part  of  an  inch,  by  every  sin^e  revolution :  which 
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effect  is  similar  to  that  which  would  be  produced  by  using 
a  screw  of  twelve  threads  to  the  inch. 

•  For  further  elucidation  we  shall  refer  the  action  of  each 
screw  to  that  of  a  wedge  from  which  the  screw  has  been 
l^hown  to  be  derived  Fig.  35  represents  two  wedges,  ab  h 
and  ecdj  each  of  which  may  be  supposed  to  represent  one 
lap  of  a  screw  of  the  nespective  fineness  which  their  heights 
b  h  and  e  c  denote.  If  the  wedge  a  6  A  be  caused  to  pass 
to  the  situation  a^  a  A^,  and  is  supposed  to  operate  upon  the 
level  surface  e/,the  line  ae  will  be  compressed  to  the  Ime  A»  c, 
by  that  movement;  but  if,  whilst  this  action  takes  place,  the 
wedge  ecd  h^  moved  to  th^  position  e^  c^  c,  and  the  ^ect 
takes  place  upon  its  upper  surface  e  rf,  the  line  a  e  will  only 
be  reduced  to  the  line  g^  e,  equal  to  hd,  and  will  conse- 
quently only  be  compressed  to  the  amount  g^  a,  which  is  in 
effect  equal  to  what  a  wedge  of  the  fineness  of  abg  would 
have  produced,  whose  height  or  line  gb  is  just  equal  to  the 
difference  between  e  c  and  A  b,  as  was  the  case  with  the  screws. 
As  a  gain  of  power  is  attainable  by  two  screws  or 
wedges  of  unequal  fineness,  performing  equal  numbers  of 
revolutions,  so  is  the  same  effect  attainable  by  the  unequal 
revolutions  of  two  screws  or  wedges  of  equal  fineness. 


MILL  GEERING. 

Under  this  head  we  purpose  to  treat  of  the  best  form- 
ation of  the  teeth  of  wheels,  of  the  connection  of  shafts, 
termed  couplings,  of  the  disengaging  and  reengaging  of 
the  moving  parts,  and  of  the  equalization  of  motion  ;  and  to 
them  we  shall  annex  some  further  observations  upon  the 
general  construction  of  Machinery.  To  avoid  unnecessary 
repetition,  we  shall,  previously  to  entering  upon  the  form- 
ation of  the  teeth  of  wheels,  give  a  general  definition  of  the 
terms  most  commonly  in  use. 

Cog-wheel  is  the  general  name  of  any  wheel  which  has  a 
number  of  teeth  or  cogs  placed  round  its  circumference. 

Pinion  is  a  small  cog-wheel  that  has  not  in  general  more 
than  twelve  teeth;  though,  when  two-toothed  wheels  act  upon 
one  another,  the  smallest  is  not  imfrequently  distinguished  by 
this  term ;  as  is  also  the  tnmdle,  lantern,  or  wallower,  when 
talking  of  the  action  of  two  wheels. 

Drundley  lantern^  or  wallower^  is  sometimes  used  in 
lieu  of  a  pmion.    It  b  represented  at  fig.  36. 
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Wben  the  teeth  of  a  wheel  are  made  of  the  same  material^ 
and  formed  of  one  piece  with  the  hody  of  the  wheel,  they 
are  called  teeth  ;  when  of  wood,  or  some  other  material,  and 
affixed  to  the  outer  rim  of  die  wheel,  cogs ;  in  a  pinion 
they  are  called  leaves  ;  in  a  trundle  staves. 

When  speaking  of  the  action  of  wheel-work  in  general, 
the  wheel  which  acts  as  a  mover  is  called  the  leader^  and 
the  one  upon  which  it  acts  the  follower. 

If  a  wheel  and  pinion  are  to  be  so  constructed  that  the 
one  shall  give,  and  the  other  receive,  impulse,  so  that  the 
^nion  shall  perform  four  revolutions  in  the  time  that  the 
wheel  is  performing  one,  they  must  be  represented  by  two- 
circies,  which  are  in  proportion  to  each  other  as  four  is  to 
one.  When  these  two  circles  are  so  placed  that  their  outer 
rims  shall  touch  each  other,  a  line  drawn  from  the  centre  of 
the  one  to  the  centre  of  the  other  is  termed  the  line  of 
centres;  and  the  radii  of  the  two  circles  the  proportional 
radii.  These  circles  are  sometimes  called  proportional 
drdesj  but  by  mill-wrights  in  general  pitch  lines. 

Hie  teeth  which  are  to  communicate  motion  must  be 
£armed  upon  these  two  curcles.  The  distance  from  the  cen-  - 
trca  of  two  circles  to  the  extremities  of  their  respective  teeth^ 
n  called  the  real  radii ;  and,  in  practice,  the  distance  be- 
tween the  centres  of  two  contiguous  teeth,  that  is,  the  dis- 
tance from  the  centres  of  two  teeth  measured  upon  their 
pitch  line,  ia  called  the  pitch  of  the  wheel.  The  straight  part 
of  a  tooth  which  receives  the  impulse  is  called  ihejlank,  and 
the  curred  part  that  imparts  the  impulse,  the  face. 

Two  wheels  acting  upon  one  another  in  the  same  plane, 
hftTing  their  axes  parallel  to  each  other,  are  called  spur  geer; 
wfaea  their  axes  are  at  right,  or  other  angles,  bevelled  geer. 

TO  DBSCRIBB  THE  CYCLOID  AND  EPICYCLOID. 

Fig.  37*  If  the  circle  1,  having  a  point  a  nuurked  on  its 
drcomference,  moves  along  the  straight  line  A  C,  and  at  the 
same  time  revolves  on  its  axis,  the  curved  line  which  the  point 
a  describes  is  called  the  cycloid.  The  point  a  in  circle  1  is 
at  its  startiiig  place,  at  B  it  has  Reached  its  ^eatest  height^ 
and  at  Cits  lowest  depth ;  and  the  curved  line  A  BCdescribed 
by  that  point,  is  the  cycloid. 

Fig.  38.    If  the  circle  1  rolls  on  another  circle,  as  on  the 

arcanderence  of  circle  2,  the  point  a  describes,  in  a  similar 

msmer  to  the  preceding,  the  curve  a  ^  A  d  c,  and  the  circles 

3  4  5  6  exhibit  the  point  a  in  the  several  positions  of  a*,  a*, 

J  a*''ca*   the  portion  of  ckcle  3  being  equal  to  ca,c'^q'^ 
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to  t^a,t^af  to  c'a,  and  c^a'^  to  c*a:  the  line  which  is 
thus  described  is  colled  an  exterior  epicycloid.  But  if  the 
circle  rolls  witiiin  another  circle,  as  the  circle  1,  fig.  39,  rolls 
in  the  inside  of  circle  2,  the  line  described  by  the  point  a 
is  then  called  an  interior  epicycloid. 

In  fig.  38,  the  circle  a  m  n  is  called  the  generating  circle 
of  the  epicycloid,  and  that  portion  of  the  larger  circle  over 
which  the  generating  circle  rolls  in  one  revolution  the  base 
of  the  epicycloid.  In  the  interior  epicycloid  the  generating 
circle  of  the  epicycloid  rolls  within  the  circle  of  its  base. 

An  epicycloid,  either  internal  or  external,  may  be  conceived 
to  be  formed  of  numerous  small  portions  of  circles,  whose 
radii  are  lines  drawn  from  the  several  points  of  contact,  as 
c.  c*,  c^>  c*,  c  being  the  centre  of  one,  c*  of  another,  and  c* 
the  centre  of  atiother,  so  that  these  lines  are,  as  respects  those 
several  positions,  radii  of  each  circle,  and  perpendiculars  to 
the  epicycloid ;  tf,  therefore,  a  line  be  drawn  from  any  point 
where  the  genetating  circle  is  in  contact  vrith  the  base  to  the 
point  which  traces  the  epicycloid,  it  will  fall  perpendicular 
to  the  epicycloid. 

As  the  several  lines  drawn  fit)m  the  points  of  contact  of  the 
generating  circle  are,  in  all  cases,  the  varying  radii  for  gene- 
rating the  epicycloid,  it  is  plain  that  when  the  generating  cir- 
cle shall  have  passed  over  half  of  its  base,  and  consequently 
have  performwl  half  of  a  revolution,  the  diameter  of  the  ge- 
neratmg  circle  shall  be  a  line  drawn  from  the  point  of  con- 
tact to  the  gene  Ating  point,  and  which  line  shall,  if  prolonged, 
pass  through  the  centre  of  the  circle  of  the  base,  so  that  die 
tracing  point  in  that  part  of  the  epicycloidal  line  shall  be  far- 
ther from,  and  in  all  other  points  nearer  to,  the  base,  as  the 
perpendiculars  Uiat  £edl  upon  the  epicycloid  from  the  points  of 
contact  shall  in  every  other  position  be  shorter.  Suppose  the 
circle  1.  fig.  40,  to  be  a  generating  circle,  and  circle  2  to  be 
the  cirdie  of  the  base,  if  the  diameter  of  circle  1  be  equal  to 
the  radius  of  circle  2,  the  point  a  shall  trace  the  line  abena 
an  interior  epicycloid ;  for  if  the  diameter  of  circle  1  be  equal 
to  half  of  the  diameter  of  circle  2,  so  wUl  the  circumference 
of  circle  1  be  equal  to  half  of  the  circumference  of  circle  2, 
and  ccmsequently,  when  the  generating  circle  1  shall  have 
performed  one  revolution  upon  the  circle  2,  as  its  base,  the 
point  a  shall  be  exactly  opposite  to  the  place  from  where  it 
starts :  now  the  diameter  of  circle  1  is  equal  to  the  radius  of 
circle  2  when  half  way^  and  the  tracing  point  is  exactly  in  the 
centre  of  circle  2,  which  proves,  that  the  epicycloid  traced 
by  the  circle  I  b  a  straight  line,  and  the  diameter  of  circle  2, 
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ON  THS  TSBTH  OP  WHEELS. 

iv  two  cyiinden  be  placed  in  cloi»e  contact,  motion  cannot 
be  communicated  to  the  one  withont  that  motion,  by  means 
of  tile  iiT^ularities  of  their  sui&ces,  (of  which  we  have  spoken 
loider  the  article  Friction^)  being  communicated  to  the  other, 
and  the  smaller  cylinder  shall  perform  exactly  as  many  revc^- 
tions  to  cme  revt^tion  of  the  larger  cylinder,  as  tne  larger 
cj&ader  contains  imon  its  dreumference  so  many  measured 
cttconferences  of  the  smaller  cylinder. 

Wheels,  however,  which  act  by  their  surfaces  only,  are  iH- 
ddcnhted  to  transmit  motion  to  any  considerable  extent,  as 
the  modon  which  the  follower  has  acquired  is  not  of  sufficient 
power  to  overcome  the  great  resistance  which  would,  in  such 
case,  be  opposed  to  it ;  consequently  it  becomes  necessary  to 
have  pro^ctions  or  teeth,  and  that  form  of  the  teeth  wiU  be 
the  bett  which  causes  the  wheel  to  act  as  though  the  motion 
woe  coaamufncated  by  contact  of  the  pitch  Unes. 

Spttr  gter,  fig.  39*.  If  the  three  circles  1, 2, 3,  in  contact 
It  the  point  «,  be  made  to  revolve  about  their  centres,  so  that 
tkcy  shall  contixraidly  touch  at  the  point  a,  their  motions  will 
W  stmihir  to  what  would  have  b^en  generated  by  one  com- 
■Boicating  motion  to  the  other  two  by  contact ;  and  circle  3 
vifl  move  as  though  rolling  on  the  external  surface  of  circle  1, 
and  internal  surface  of  circle  2,  and  consequently  become  the 
generating  circle  of  the  exterior  epicycloid  on  circle  1,  and  the 
geoersting  circle  of  the  iitorior  epicycloid  on  circle  2.  As  the 
diameter  of  circle  3  is  equal  to  the  radius  of  circle  2,  the  in- 
terior epicycloid  will  be  a  straight  line  passing  through  B  the 
centre  of  orde  2 ;  and,  sopporing  the  point  a  to  have  per- 
formed that  portion  of  a  revolution  which  places  it  at  K,  a 
portion  of  the  exterior  epicvcloid  will  be  r^resented  by  the 
fine  £  K,  and  a  portion  of  the  interior  epicycloid  by  D  K. 
Therefore,  as  the  epicycloids  DK  and  £  K  are  both  generated 
by  one  motion  of  the  same  point  on  the  same  circle,  they  vrill 
oontinoaDy  touch  at  the  generating  point,  and  the  total  sur- 
fkce  of  £  K  wiU  pass  over  the  totid  surfoce  of  D  K ;  and  if 
the  qpicydoid  £  K  be  affixed  to  the  external  surface  of  cir- 
cle 1,  and  act  upon  the  portion  of  the.  epicycloid  D  K,  it  will 
tnuisiDit  motion  to  circle  2,  as  though  that  motion  were  com- 
mnmaded  by  contact  of  the  pitch  Mnes ;  which  proves  that 
EKpnsentB  us  with  the  best  form  of  tooth,  and  which  tooth 
would,  when  actings  upon  the  radii  of  the  wheel  to  be  driven, 
aioff  it  as  though  tbe  motion  were  conmiuuicated  by  contact. 
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Fig.  40*  represents  a  mode  of  forming  the  teeth  of  wheels 
when  they  are  to  act  upon  a  trundle.  Circle  1  represents  the 
pitch  line  of  the  wheel ;  and  circle  2  the  pitch  line  of  the  trun- 
dle ;  which  are  supposed  to  act  by  contact  at  the  pomt  a. 
When  a  arrives  at  a^,  it  will  have  traced  that  portion  of  an 
epicycloid  represented  by  a*  a*,  and  as  a  is  the  generating 
point  of  the  epicycloid,  the  distance  from  a  to  a^,  and  from 
a  to  It*,  will  be  equal :  and  the  epicycloid  a*  a\  being  ge- 
nerated by  the  proportional  circle  or  pitch  line  of. the  tnmdle, 
presents  us  with  the  properest  form  for  the  tooth  of  a  wheel 
that  is  to  drive  a  tnuidle  with  circular  staves  posited  in  its 
pitch  line. 

We  shall  now  proceed  to  the  practical  mode  of  applying 
these  rules.  Let  circle  2  be  the  proportional  circle  or  pitch 
line  of  a  trundle ;  and  circle  1  the  pitch  line  of  a  wheel  which 
is  to  drive  that  trundle ;  and  by  the  revolutions  of  these  two 
circles  let  the  portion  of  an  epicycloid  a*  a'  be  generated, 
so  that  when  a  line  is  drawn  from  a^  to  the  centre  of  circle  1, 
it  will  intersect  tjiat  circle  at  by  whose  distance  firom  a*  is 
such,  that  when  the  semi-diameter  of  a  staff  of  the  trundle 
is  subtracted  from  it,  the  remainder  will  be  equal  to  half  the 
intended  thickness  of  the  tooth  of  the  wheel.  Set  off  per- 
pendicularly to  the  epicycloid  inwards,  the  semi-diameter  of 
one  of  the  staves  at  so  many  points  that  you  will  be  able  to 
trace  through  the  points  thun  set  off,  a  Ime  parallel  to  the 
epicycloid  a*  a',  which  line  will  be  the  face  of  the  tooth  of 
the  wheel,  being  less  than  the  tooth  formed  by  the  epicy- 
cloid a*  a'  bv  the  semi^diameter  of  a  staff  of  the  trundle, 
indeed  the  dmiinution  must  be  rather  more,  as  the  width 
gg  must  be  made  sufficient  for  the  staves  to  clear  them* 
selves,  as  the  whole  of  the  epicydoidal  line  must  act  upon 
their  surface. 

Fig.  41.  To  describe  the  teeth  of  a  wheel  for  a  trundle, 
by  means  of  circular  arcs,  let  us  suppose  A  B  to  be  the  line  of 
centres,  C  D  the  pitch  Une  of  the  wheel,  £  F  the  pitch  line  at 
the  trundle,  and  tne  centre  of  the  staff  G  to  be  in  the  line  of 
centres  A  B  ;  then  by  placing  one  foot  of  the  compasses  in 
the  centre  of  the  staff  G,  we  can  describe  the  arc  m  n,  which 
is  the  form  of  ^e  face  of  a  tooth  sufficiently  near,  that  of  an 
epicycloid  for  common  purposes. 

Fig.  42.  To  find  the  form  for  the  teeth  of  a  wheel  and  the 
leaves  of  a  pinion  which  are  to  act  together,  we  must  set  off  on 
the  pitch  lines  the  points  mnoy  and  pgr^  &c.,  according  to 
the  proper  thickness  of  and  distance  between  the  tectli  and 
)eaves>  and  from  these  points  draw  radii,  to  serve  as  the 
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flanks  of  the  teeth.    The  spaces  must  be  of  sufficient  depth  to 
aOow  for  the  action  of  the  ^nirved  part  of  the  teeth  and  leaves. 

Then  mth  the  generating  circle  1,  whose  diameter  is  equal 
to  the  propoTtional  radius  of  the  pinion,  describe  upon  the 
extremities  of  the  ddes  of  each  tooth,  and  upon  the  circum- 
ference of  the  proportional  circle  of  the  wheel  as  a  base,  the 
epicydoids  ab,  bn;  and  with  the  generating  circle  2,  describe 
upon  the  proportional  circle  of  the  pinion  as  a  base,  the  epi- 
cydoid  ;  D^  which  will  give  the  required  form  of  the  teeth 
and  leaves. 

For  if  the  projecting  epicydoid  a  b  push  agwist  the  ra- 
ffias/r  of  the  proportional  pinion,  the  wheel  and  pinion  will 
move  with  equal  vdodty  ;  and  a  similar  effect  will  be  produced 
by  the  e^cycloid  p  D  being  pushed  by  the  radius  o  m  of  the 
whed  towards  the  line  of  centres. 

Fig.  43.  When  one  whed  is  to  conduct  another,  it  is  not 
oecesnry  that  the  whed  to  be  conducted  should  have  teeth 
of  an  epicycloidal  form ;  and  were  the  teeth  not  subject  to 
wev  by  friction,  there  would  be  no  occasion  to  extend  tht^ 
teeth  of  the  conducted  whed  beyond  the  pitch  line;  but  such 
being  the  case,  it  becomes  necessaSry  to  form  the  teeth  of  the 
Qondacted  wheel  in  the  manner  represented  in  the  figure  by 
tk  dotted  lines. 

Mr.  Biu:hanan,  in  his  "  Essay  on  the  Teeth  of  Wheels," 
objects  to  this  mode  of  forming  the  teeth  of  the  conducted 
wheel,  and  reconunends  that  a  trundle  or  wheel  with  cylin- 
dried  staves  should  be  adopted,  as  it  will  be  less  acted  upon 
in  approadiing  the  line  of  centres,  and  consequently  have  less 
friction  than  a  pinion  or  wheel,  the  sides  of  whose  teeth  tend 
to  the  centre. 

*'  Thb  will  appear,"  says  he,  **  by  fig.  44,  which  repre- 
sents a  stafi^  a,  of  a  trundle,  and  a  leaf,  b,  of  a  pimon, 
taming  round  on  the  same  centre  A,  and  a  tooth  adapted  to 
each,  turning  on  a  common  centre  B.    The  thickness  of  each 
of  the  teeth,  and  the  proportional  circle  of  both  wheels,  are 
the  same,  and  the  proportiond  cirdes  of  the  pinions  are  dso 
equd,  and  teeth  are  each  made  of  the  greatest  length  which 
the  intersection  of  the  curves  will  admit,  which  turns  out  con- 
siderably greater  in  the  tooth  adapted  to  the  Qtaff.  The  shaded 
parts  represent  the  tooth  adapted  to,  and  acting  upon,  the 
staff;  and  the  dotted  lines  represent  the  tooth  adapted  to, 
and  acting  upon,  the  leaf.    The  teeth,  in  both  cases,  are  re- 
preteated  as  just  at  the  point  where  they  would  cease  to 
move  the  leaves  or  staves  imiformly^  and  it  appears  the  staff 
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is  cendocted  considerably  fiirther  beyond  tbe  line  ot  centres 
than  tbe  leaf;  hence  the  staff  will  be  less  acted  upon  in 
i^proaebing  tbe  line  of  centres/* 

As  the  trandle  in  common  use  is  very  weak  and  imperfect, 
Mr.  Buchanan  conceived^  that  a  wheel  might  be  made^  which 
would  combine  the  adrantages  of  both  the  jAniovi  and  trun- 
dle^ and  accordingly  had  some  wheels  made^  which  appeared 
to  answer  every  expectation. 

"  These  wheals/  says  he,  "were  made  of  east  iron.  They 
were  each  cast  of  one  solid  mass.  .Fig.  46^  No.  1,  repre- 
sents the  edge  view^  and  No.  2,  a  section  of  one  of  U^tn; 
whereby  is  shown  the  manner  in  which  the  teeth  are  sup- 
potted,  like  tbe  staves  of  a  trandle  at  eacii  end,  and  like  tbe 
kaves  of  a  pinion  at  the  roots,  but  »o  very  thin  there,  as  to 
ruu  no  risk  of  having  the  common  fault  of  pinions,  just  now 
noticed.  They  were  difl&cult  to  mould :  but  were  they  to 
come  more  into  use,  I  have  no  doubt  ingenious  workmen 
would  soon  get  over  this  obstacle."  *  "1  mentioned,"  he 
continues,  '^  in  cases  where  the  pinion  had  few  teeth,  that  in 
tlie  conducted,  wbetber  wbed  or  pinion,  staves  should  be  pre- 
ferred; but  it  is  obvious;  diat  the  method  just  described, 
of  making  a  small  trundle  of  cast  iron,  would  not  apply  to  a 
wheel  of  a  great  number  of  staves.  Nor  is  it  in  that  case  so 
necessary,  as  the  greater  the  number  of  teeth  are^  the  kmger 
they  will  be  in  losing  their  proper  figure.  In  such  cases, 
therefore,  staves,  strictly  spealung,  should  not  be  used,  but 
teeth  made  so  as  to  produce  the  same  effectr-'that  is,  having 
their  acting  parts  of  the  figure  of  a  staff.  What  is  meant 
will  be  better  understood  by  inspecting  fig.  46,  where  the 
lines  show  the  alteration  necessary  on  the  tooth  A,  in  order 
to  make  it  produce  the  effect  of  a  staff;  which  staff  ia  repre- 
sented by  the  faint  dots.  The  dotted  lines  on  d  represent 
the  alteration  requisite  to  adapt  it  to  the  staff,  it  being  neces- 
sary, as  formerly  proved,  to  have  it  a  different  epicycloid  fix)m 
what  is  required  to  adapt  it  to  a  tooth  whose  acting  part  is  a 
straight  line,  tending  to  the  centre  of  its  proportional  circle." 

**  Teeth,*'  says  Mr.Tredgold,  in  the  second  edition  of  Mr, 
Buchanan's  work,  ^'  seem  to  be  very  well  adapted  for  va- 

*  BjT  ctsting  separate  plates  with  indents  to  fix  the  teeth,  and  boltioff 
Ihem  together,  the  pinion  might  be  made  sufficiently  strong :  such  a  methoq 
indeed  is  used  frequently  in  crane-work,  where  it  Has  the  important  advaiH 
tage  of  preventing  the  wheels  getting  out  of  geer. 

N.  B.  This  note  is  by  llr.  Tredgold,  editor  of  the  second  edition  of  B«» 
^bauan's  *<  Practical  Essays  on  Milk*work." 
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pnipoaeSy  ivlien  formed  on  the  principle  recommended 
m  the  preceding  article.  I  therefore  will  endeavour  to  show 
t  ample  method  of  describing  such  teeth. 

**  It  must  be  observed,  that  the  teeth  to  resemble  staves  are 
to  be  always  on  the  conducted  wheel  or  pinion  ;  thus  afibrd- 
h^  the  peculiar  advantage  of  the  wheel  and  trundle  ui  either 
iDcreatting  or  diminishing  velocity. 

**  Fig.  38*.  Let  the  teeth  be  divided  as  usual  on  the  pitch 
fines,  E  E^  F  F ;  and  on  the  conducted  wheel  C  describe  cir- 
cksy  as  though  there  were  to  be  staves.  Conceive  the  centre 
of  one  of  these  staff  teeth  to  be  in  the  line  of  centres  at  A, 
and  draw  the  line  A  B  joining  the  centres  of  the  staff  teeth. 
Then  the  radius  A  b,  from  the  centre  A^  will  describe  the 
curved  side  b  c  of  the  tooth  of  the  conductor,  and  the  curved 
part  &  a  of  the  conducted  wheel.  And  since  this  radius  is 
equal  to  the  pitch  diminished  by  half  the  diameter  of  the  cir- 
cle of  the  staff  teeth,  and  the  centres  will  always  be  in  the 
pitch  lines  of  the  wheels,  all  the  other  teeth  may  be  easily 
described.;* 

Tbe  editor  then  enters  into  some  calculations,  which  the 
Iknits  of  oiur  work  will  not  permit  us  to  pursue,  we  therefore 
tder  our  readers  to  the  work  itself,  which  embraces  much 
vi^al  information. 

Fi^.  47.     When  a  pinion  is  required  to  have  but  a  slow 

jDoCioo,  an  internal  pinion,  which  hlas  less  friction  than  the 

external  one,  may,  in  manv  cases,  be  adopted^with  advantage. 

To  illustrate  this,  let  A,  fig.  48,  be  the  proportional  circle 

or  pitch  line  of  a  wheel,  B  that  of  an  external  pinion,  and  C 

that  of  an  internal  pinion,  all  at  contact  at  the  point  a:  now, 

if    motion    be  couununicated  to  the  wheels,  so  that  they 

more  uniformly,  it  will  be  seen,  that  when  the  point  a  has 

arrived  9i  bed,  each  of  the  wheels  having  travelled  over  an 

equal  distance  firom  the  line  of  centres  D,  the  space  from  btoc 

is  much  less  than  that  from  cto  d,  and  consequently  had  the 

wheels  moved  by  means  of  teeth,  the  tooth  of  the  internal 

pnion  C  would  have  slid  over  a  smaller  part  of  a  tooth  of  the 

wheel  A,  than  a  tooth  of  the  external  pinion  B,  which  proves 

it  WDiild  ^ive  iiad  le^  velocity  and  less  friction. 

Fig.  49  represents  a  rack  and  pinion,  reconunended  by 

liT.TndgohL     AB  the  pitch  line   of  the  rack,  BC  the 

pitdi  Bae  of  the  pinion,  and  the  form  of  the  tooth  CD  is 

the  bvolute   of  a    circle ;  but  when,  the  rack  impels  die 

mMm   the  curred    fece  of  each  of  the  teeth  of  the  rack 

SnuUbe  a   portion  of  a  cycloid,  (as  A,  a,  fig.  37,)  and  the 

Wm    /  the  pi^^^^^  straight  lines  radiating  frpm  the  centre 
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of  the  pinion;  the  diameter  of  the  generating  circle  for 
describing  the  cycloidal  teeth  should  be  half  the  proportioqal 
diameter  of  the  pinion.  See  Buchanan's  Practical  £ss€U/s 
on  Af ill-work,    Iredgold's  edition. 

Bevel  geer. — We  have  already  stated,  that  when  the  axes 
of  wheels  are  angidar  to  each  other,  they  are  called 
bevel  geer,  in  order  to  distinguish  them  from  spur  gc?er, 
whose  axes  are  parallel;  it  therefore  now  remains  for  us 
to  describe  in  what  manner  the  teeth  of  bevel  geer  differ 
from  the  teeth  of  spur  geer. 

Bevel  geer  is  represented  by  the  two  cones  at  fi^-  50, 
where  AB  and  BC  are  the  axes,  and  D£  and  £F  their 
proportional  diameters  or  pitch  lines. 

If  these  two  cones  are  placed  m  close  contact,  and  motion 
is  communicated  to  the  one,  that  motion  will,  as  is  already 
stated,  be  communicated  to  the  other,  and  the  motion  of 
both,  as  we  have  shown,  when  speaking  of  spur  geer, 
will  be  equal. 

The  epicycloid  for  forming  the  teeth  of  bevel  geer,  is 
generated  by  one  cone  rolling  upon  the  surface  of  another, 
while  their  summits  coincide  :  for  example,  if  a  cone  C, 
fig.  51,  having  a  point  a,  move  upon  the  surface  of  the 
cone  D,  the  point  a  will,  in  its  revolutions,  describe  the 
line  A  £  F,  A  being  the  place  from  where  it  starts,  £  its 
greatest  height,  and  F  its  lowest  depth;  therefore  a  curved 
line  drawn  from  A  to  £,  and  continued  from  £  to  F, 
gives  what  is  called  a  spherical  epicycloid;  and  the  base 
of  the  cone  C  is  the  generating  circle  of  the  spherical 
epicf/cloid.  The  method  of  using  the  spherical  epicycloid 
for  forming  the  teeth  of  bevel  geer  is,  in  every  respect, 
similar  to  the  method  of  using  the  exterior  and  interior 
epicycloid  for  forming  the  teeth  of  spur  geer,  consequently  it 
will  be  needless  to  repeat  it. 

Fig.  52.  To  construct  bevel  geer  we  must  calculate  the 
proportional  diameters  or  pitch  lines  of  the  wheel  and 
pinion  that  are  to  act  upon  each  other,  and  then  draw 
their  axes  AB  and  BC.  Draw  parallel  to  the  axis  AB 
of  the  wheel  the  line  D£,  and  the  line  FD  ptodlel  to 
the  axis  of  the  pinion,  and  from  the  point  D,  where  these 
two  lines  intersect,  draw  the  line  D  G  perpendicular  to 
A  B,  and  D  H  perpendicular  to  B  C,  and  make  I G  equal  to 
D  I,  and  K  H  equal  to  D  K ;  then  D  G  gives,  what  is  called 
the  principal  diameter,  or  diameter  of  the  pitch  line  of  the 
tvheely  and  D  H  that  of  the  pinion. 

Proceed  to  draw  the  teeth  of  th^  wheels  by  fixing  one 
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fcot  of  the  compasses  in  the  point  at  A,  and^  having  ex- 
tended the  other  foot  to  the  distance  G^  sweep  the  small 
arc  Gffy  then  set  off  the  length  of  the  tooth  from  G  to  />, 
draw  the  line  b  c,  tending  to  a,  and  sweep  the  arc  ce,  con- 
centric to  b  a.  Set  off  from  G  to  /  part  of  the  required 
len|rth  of  the  toothy  from  the  principal  diameter  to  the  root ; 
nd  draw  the  line  fg  tending  to  A,  which  gives  the  root 
rf  the  tooth.    P^raUel  to  fgy  draw  a  e,  and   afg  e  will 

Tsent  a  section  of  the  solid  ring  of  the  wheel, 
an  exceOent  article  on  mill-'work,  in  Dr.  Rees's  Cyclo- 
fediOj  the  author  states,  ^^  that  the  manner  of  setting  out 
the  teeth  of  cog-wheels,  in  such  a  form  that  they  shall  act  in 
the  iD08t  equable  manner  upon  each  other,  and  with  the 
leait  friction,  has  been  'a  subject  of  much  investigation 
UMmg  mathematicians  and  theoretic  mechanics ;  but  the 
practice  and  observation  of  the  mill-wrights  have  produced  a 
method  of  forming  cog-wheels,  which  answers  nearly,  if  not 
WBjr,  as  well  in  practice,  as  the  geometrical  curves  which 
Awry  has  pointed  out  to  be  the  most  proper.  This  they 
tare  effected  by  making  the  teeth  of  the  modern  wheels  ex- 
tiCBely  smaU  and  numerous.  In  this  case,  the  time  of  action 
Btidi  paur  of  teeth  is  so  small,  that  the  form  of  them  be- 
cotts  comparatively  of  slight  importance ;  and  the  practical 
■rtWs  of  the  mill-wrights  (using  arcs  of  circles  for  the 
ctm$)  q)proxiniates  so  nearly  to  the  truth,  that  the  dif- 
'mce  is  of  no  consequence  :  and  this  method  is  the  best, 
^^cciaae  it  so  easily  gives  the  means  of  forming  all  the  cogs 
^nrtlyaKkc,  and  precisely  the  same  distance  asunder,  which, 
fcf  the  ap^cation  of  any  other  curve  than  the  circle,  is  not 
10  easy.  The  method,which  is  extremely  simple,  is  explained 
■8^.53.  The  wheel  being  made,  and  the  cogs  fixed  in 
■Mra  larger  than  they  are  intended  to  be,  a  circle,  a  a,  is 
^J^rflicd  round  the  face  of  the  rough  cogs  upon  its  pitch 
Sameter,  that  is,  the  geometrical  diameter,  or  acting  line  of 
^  cogi ;  80  that  when  the  two  wheels  are  at  work  together, 
the  pitch  circles,  a  a,  of  the  two  are  in  contact.  Another 
**ck|  &*,  is  described  within  the  pitch  circle  for  the  bottom 
rf  the  teeth,  and  a  third,  dd,  without  it,  for  the  extremities. 
After  these  preparations,  the  pitch  circle  is  accurately  di- 
'^Med  iato  the  number  which  the  wheel  is  intended  to  have  : 
&  pair  of  compasses  are  then  opened  out  to  the  extent  of  one 
«M  a  quarter  of  these  divisions,  and  with  this  radius  arcs  are 
^rmk  on  each  side  of  everv  division,  from  the  pitch  line  a, 
toti>eottter  circle  dd.  Thus  the  point  of  the  compasses 
'I  set  m  the  division  r,  the  curve  fg,  on  one  side  of  the 
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cog,  and  it  o  on  one  side  of  the  other,  are  described ;  then 
the  point  of  the  compasses  bein^  set  on  the  adjacent  divi- 
sion ky  the  curve  /m  is  described.  This  completes  the 
curved  portion  of  the  cogs  e,  and  this  being  done  aU  round 
completes  every  tooth ;  the  remaining  portion  of  the  cog 
withm  the  circle  a,  is  bounded  by  two  straight  lines  drawn 
from  the  points  g  and  m  towards  the  centre;  this  being 
done  to  the  cogs  lul  round,  the  wheel  is  set  out,  and  the  cogs, 
being  dressed  or  cut  down  to  the  lines,  will  be  formed  reidy 
for  work,  every  cog  being  of  the  same  breadth ;  and  the  space 
between  ever^  one  and  its  neighbour  is  exactly  equal  to  the 
breadth,  provided  the  compasses  are  opened  to  the  extent  of 
one  divbion  and  a  quarter  as  first  described," 

COUPLINGS. 

Coupling  boxes  are  used  to  connect  the  shafts  of  wheels ; 
they  are  either  round  or  square,  and  with  single  or  double 
bearings.  The  square  coupling  with  double  bearings,  is 
represented  in  fig.  54,  where  B,  between  the  bridges  C  D, 
is  a  square  shaft  with  the  coupling  box  resting  upon  it,  ready 
to  be  thrust,  when  occasion  requires  it,  upon  the  shaft  h^ 
which  is  out  of  geer,  and  to  which  it  can  be  mstened  by  means 
of  a  pin,  as  shown  at  F,  where  the  shafts  are  in  geer.  The 
round  coupling,  represented  in  fig.  55,  is,  when  fastened  on  the 
shafts,  engaged  by  two  bolts  A  B,  and  C,  which  pass  through 
the  box  at  right  angles  to  each  other,  and  one  of  them 
through  each  of  the  shafts.  As  it  is  almost  impracticable  to 
form  the  axes  of  two  shafts  with  such  accuracy  that  they  shall 
present  one  truly  straight  line ;  and  as  the  shaft;s  wiU,  tiiougfa 
made  never  so  accurate,  wear  unequally,  both  4:hese  cpuplixigB 
have  been  found  to  be  somewhat  disadvantageous  Iq  mifi- 
work.  The  square  coupling  with  one  bearing,  is  decidedly 
superior  to  either  of  the  above-mentioned,  as  it  possesses,  to 
a  certain  degree,  the  property  of  being  flexible  in  all  directions. 
In  conveying  motion  through  a  great  length  of  shafts,  where 
there  is  but  Httle  lateral  pressure,  it  can  be  used  to  great  advan- 
tage ;  but  where  there  is  much  lateral  pressure  the  sockets  are 
found  to  wear  away  and  get  loose,  which  occasions  a  hobbling 
and  inaccurate  moti(Hi.  A  longitudinal  section  of  this  coupling 
is  represented  in  fig.  56,  where  A  is  the  square  of  one  shaft, 
B  the  square  of  the  other,  C  C  the  coupUng  box,  and  D  D 
two  pins,  one  of  which  passes  through  each  square  of  the 
shafts,  in  order  to  support  the  square  B  in  a  line  with  the 
square  A.  Sometimes  the  square  P  is  held  in  a  line  with  the 
square  A  by  means  of  a  round  projection  F,  from  the  centre 
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of  the  BqTUtfe  A,  entering  into  a  round  hole  in  the  centre  of 
the  square  B. 

Quiches  or  glands  may  be  used  with  much  advantage  as 
a  ccmpKng  for  douUe  bearings.  Fig,  57  represents  a  coup- 
ling of  this  kind  ;  it  consists  of  two  crosses,  A  A  and  B  B, 
one  fixed  to  each  shaft :  B  B  has  its  ends  bended  forward, 
and  k^  hi^  of  A  A,  wbieh  turns  that  shaft  round.*  . 

In  boring-mills  two  kinds  of  clutches  are  used.  The  one 
k€  the  smaller  kinds  of  work  is  represented  in  fig.  68. 
A  B  is  a  rtnmd  [date  of  caat  iron  fixed  firmly  on  the  shaft  C  $ 
D  £  a  lever  fixed  to  the  shaft  H  by  the  bolt  F,  and  capable 
ef  bring  moved  in  the  direction  of  the  plate  A  B,  so  that  it 
am  lay  Imld  of  tbe  projections  G  G  GG,  which  wUl  admit  the 
boring  shaft  H  to  be  thrown  in  and  out  of  geer  at  pleasure. 

The  aeomd  kind  of  boring-mill  clutch,  or  the  one  that  is 
used  to  bore  the  largest  cylinders,  is  represented  in  fig.  69. 
The  ooIt  difference  between  this  clutch  and  the  one  just 
described,  consists  in  havinff  the  lever  D£  to  turn  on  a  bolt 
It  F  in  a  cast  iron  plate  I K  L,  instead  of  hanging  from  the 
shaft  H.  Three  spare  sets  of  ears,  which  are  cast  on  the 
plate,  to  be  used  in  case  of  those  in  action  breaking,  support 
the  krer  near  the  point  of  pressure,  and  take  the  stress 
estsely  off  the  bplt  F. 

When  am  engine  b  started,  it  frequently  happens  that  the 
cnok  k  on  the  wrong  side  of  the  axis  of  the  fly-wheel,  so  that 
both  that  and  tihe  shsit  make  one  or  two,  and,  if  the  attend- 
ant is  negligent^  several,  revolutions  in  the  wrong  direction. 
To  prevent  the  misdiief  that  would  accrue  firom  such  an  oc- 
auience,  a  cofu^ing,  as  is  represented  in  fig.  60,  is  intro- 
dnced.  A  and  B  are  two  vertical  shafts,  maintained  in  the 
nme  line  by  a  small  circular  pin,  which  passes  from  the  shaft 
B  into  a  cavity  on  the  shaft  A,  which  cavity  is  large  enough 
to  admit  the  pin  to  lay  in  it  without  communicating  motion 
to  the  shaft  A.  The  shaft  B,  which  is  connected  with  the 
moving  power,  has  a  coupling  piece  with  prominences  or 
teeth,  perpendicular  on  the  one  side,  and  mclined  on  the 
other,  fixeid  on  its  upper  end.  The  coupling  or  catch  box 
C,  n^ich  b  capable  of  sliding  freely  up  and  down  the  square 
part  of  the  shaft  A,  has  a  correspondent  set  of  teeth ;  by 
iriiidi  it  is  evident,  that  when  the  shaft  B  turns  the  right 
way,  the  perpendicular  sides  of  the  teeth  of  the  respective 
I  pieces  will  act  together,  and  carry  round  the  upper 


•  For  a  method  of  constructing  glands  we  must  refer  our  readers  to 
n*t  £s9^  on  MU-work. 
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shaft  A  ;-  but  when  B  turns  in  a  contrary  direction^  the  in-' 
clined  sides  of  the  teeth  of  the  catch-box  will  sHde  over  the 
inclined  sides  of  the  teeth  of  the  piece  on  the  shaft  B,  and 
cause  the  catch-box  C  to  move  up  and  down  without  com- 
municating motion  to  the  shaft  A. 

Fig.  61  represents  the  coupling  link  used  by  Messrs.  Boul- 
ton  and  Watt  in  their  portable  steam-engines.  A,  a  strong 
iron  pin^  projecting  from  one  of  the  arms  of  the  fly-wheel  B ; 
D  a  crank  connected  with  the  shaft  C ;  and  £  a  link  to  couple 
the  pin  A  and  the  crank  D  together^  so  that  motion  may  be 
communicate(f  to  the  shaft  C. 

Hook's  universal  joints  are  sometimes  used  to  communi- 
cate motion  obliquely  instead  of  conical  wheds.  Fig.  62 
represents  a  single  universal  joint,  which  may  be  employed 
where  the  angle  does  not  exceed  forty  degrees,  and  when  the 
shafts  are  to  move  with  equal  velocity.  The  shafts  A  and  B, 
being  both  connected  with  a  cross,  move  on  the  rounds  at 
the  points  C  £  and  D  F,  and  thus,  if  the  shaft  A  is  turned 
round,  the  shaft  B  will  likewise  turn  with  a  similar  motion  in 
its  respective  position. 

The  double  universal  joint,  fiff.  63,  convej^  motion  in 
different  directions  when  the  an^e  is  between  50  and  90 
degrees.  It  is  at  liberty  to  move  on  the  points  G,  H,  I,  K, 
connected  with  the  shaft  B ;  also  on  the  points  L,  M,  N,  I^ 
connected  with  the  shaft  A :  dius  the  two  shafts  are  so  con- 
nected, that  the  one  cannot  turn  without  causing  the  other  to 
turn  likewise.  These  joints  may  be  constructed  by  a  cross 
of  iron,  or  with  four  pins  fastened  at  right  angles  upon  the 
circumference  of  a  hoop  or  of  a  solid  ball :  they  are  of  great 
use  in  cotton  mills,  where  the  tumbling  shafts  are  continued 
to  a  great  distance  from  the  moving  power ;  for  by  implying 
a  univei*sal  joint,  the  shafts  maybe  cut  into  convenient  lengths, 
and  so  be  enabled  to  overcome  a  greater  resistance. 

OF  DISENGAGING  AND  REENGAGING  MACHINERY. 

A  KNOWLEDGE  of  the  bcst  methods  of  disenga^g  and  re^ 
engaging  machinery,  or,  as  the  workmen  call  it,  throwing  in 
and  out  of  geer,  is  found  to  be  highly  necessary  in  most  manu* 
factories;  and  yet  it  frequently  happens  that  the  workmen  are 
either  very  ignorant  of,  or  very  inattentive  to,  this  important 
subject. 

Matter  possesses  a  certain  property  termed  inertia,  which 
has  a  tendency  to  maintain  it  in  trie  state  in  which  it  actually 
is ;  that  is  to  say,  if  a  body  is  set  in  motion,  this  property  has 
a  tendency  to  maintain  it  for  ever  in  that  state,  and  certainly 
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vould,  were  it  not  gradaally  oyercome  by  friction,  or  suddenly 
stopped  by  some  stronger  power ;  the  same  may  be  said  of  a 
body  in  a  state  of  rest,  as  thb  property  would  ever  maintain 
it  in  that  state,  were  not  some  stronger  force  applied  to  set  it 
io  motion.  Such  being  the  case,  it  frequently  occurs,  when 
powerful  madiinery  is  moving  vnth  some  velocity,  and  another 
pirC,  which  is  out  of  geer,  is  suddenly  connected  with  it,  or 
thrown  in  geer,  that  the  shock  proceeding  from  inertia 
soaps  the  teeth  of  the  wheels,  or  causes  destruction  to  some 
other  part  of  the  madiinerv.  To  obviate  this  as  much  as 
possibfey  such  means  should  be  resorted  to,  as  have  been 
found  in  practice  to  answer  best.  The  risk  of  breaking 
the  teeth  may  be  considerably  lessened  by  first  setting 
the  wheels  that  is  to  be  thrown  in  geer,  in  motion  by  the 
hand. 

The  methods  that  have  been  adopted  for  throwing  ma- 
diinery  in  and  out  of  geer  are  various  }  some  of  the  principal 
of  vlnch  we  shall  now  proceed  to  notice. 

F%.  64  represents  the  sliding  pulley.  P  a  pulley,  having 
a  boUow  cylmdrical  bush  made  so  that  it  can  revolve  easily 
fitfon  the  axle  and  slide  backward  and  forward  upon  it ;  B  a 
pirtof  the.bush  projecting  on  one  side  of  the  pulley,  having 
a  groove  sufficiently  large  to  admit  the  lever  L  to  lay  in  it 
vithout  impeding  its  motion ;  C  G  a  cross  or  gland  fixed 
Irm  to  the  axle ;  and  I,  one  or  more  teeth,  projecting  from 
the  pnlley  on  the  side  opposite  to  the  bush.  When  the  axle 
AD  is  required  to  be  put  in  motion,  the  lever  L  must  be 
moved  towards  the  cross  or  gland  C  G,  so  that  the  teeth 
upon  the  pulley  may  catch  hold  of  and  carry  it  round  with  it. 

The  fi&st  and  loose  pulley  is  represented  in  fig.  65.  B  is  a 
pulley  firmly  fixed  on  the  axle  A,  and  C  a  pulley  with  a  bush, 
so  that  it  can  revolve  upon  the  axle  A  without  communicating 
motion  to  it.  This  contrivance  is  remarkable  for  its  beauti- 
ful simplicity,  as  the  axle  A  can  be  thrown  in  and  out  of 
geer  at  pleasure,  without  the  least  shock,  by  simply  passing 
a  fUtrnp  from  the  one  pulley  to  the  other. 

The  bayonet,  in  its  construction,  somewhat  resembles  the 
sliding  pulley.  It  is  shown  in  fig.  66.  A  is  a  pulley  or 
Under,  connected  with  the  moving  machinery  by  means  of  a 
strap,  and  revolving  upon  the  horizontal  shaft  B  C,  which  is 
out  dl  geer;  D  £  is  a  pulley  or  wheel,  made  of  either  metal 
or  woody  fixed  firmly  to  the  horizontal  shaft,  and  having  two 
holes  to  allow  the  1^^  of  the  bayonet  to  pass  throi^h ;  F  G 
is  the  bajronet,  having  a  bush,  and  capable  of  being  moved 
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hadcwaid  and  forward  upon  the  horiaontel  dudk  by  pushing 
the  handle  H  H ;  so  that  when  the  shaft  B  C  im  reqoifed 
to  be  put  in  motion^  the  attendant  haa  onhr  to  push  the 
bayonet  into  the  puUey  D  E,  which  will  imme witely  carry  it 
oottnd. 

Fig.  67  rcpresenta  one  of  the  simpleal  ways  of  diaeiq;aging 
and  reengaging  wfaeds.  A  B,  the  bridge  of  the  whed, 
No.  I,  ads  as  a  levev^  having  its  fakrmn  at  A ;  the  other 
end  of  the  bndge  B  is  capable  of  being  lifted  bv  the  key 
K IC  When  the  wheels  No.  2,  is  reqmrad  to  be  thrown  out 
of  geer>  the  key  K  K  is  pressed  downwards^  and  the  end  of 
tiie  bri^e  B  rests  upon  the  extrsmeend  of  tfaekey,  as  shown 
by  the  <btted  lines. 

The  tightening  roller  is  represented  in  fig.  68.  A  and  B 
are  two  pullies,  the  one  to  receive^  and  the  other  to  transmit^ 
motioDy  by  means  of  the  strap  C :  D  is  the  tightening  roller, 
fastened  to  a  moraUe  arm  E,  and  connected  with  a  lever 
G  F.  When  the  moving  pulley  (suppose  A)  is  required  to 
give  motion  to  the  other  pulley  B,  tne  lever  G  F  must  be 
poshed  downwards,  which  will  tighten  the  strap  by  pladng 
the  tightening  roller  in  the  position  represented  by  the  dotted 
lines,  and  cause  the  pulley  A  to  cany  the  pulley  B  round 
with  it. 

The  frictfen  clutch,  represented  in  fig.  6^  b  used  to  dif « 
engage  and  reengage  madunery,  when  the  velocity  of  the 
moving  ports  is  very  great.  A  is  a  pulley,  having  a  bnah^ 
and  revolving  fredy  on  the  shaft  S  S :  B  is  another  pulley, 
having  a  sinular  bush,  and  also  capable  of  revolving  on  the 
shaft:  C  C  is  a^ didi-spring,  secured  in  its  place  by  the  jNa 
PPj  and  forcing  the  pulley  B  agunst  the  collar  D,  which  is 
fixed  persdane^y  to  the  shaft.  When  motion  is  required 
to  be  commimicated  to  the  shaft  S  S,  the  pulley  A  is  iMived 
towards  the  pulley  B,  and  the  teeth  projecting  from  the  sidr 
of  the  pulley  A^  clasps  those  of  the  pulley  B,  and  carries  it 
round  with  it ;  and  the  friction  of  the  pulley  B  against  the 
collar  D,  gradually  overcomes  d>e  inertia,  and  canies^tbr 
shaft  and  connecting  madiiaefy  abo  round. 

The  friction  clutco,  represented  in  fig.  70,  is  a  very'exodlent 
contrivance,  as  it  prevents  all  those  imnrions  shocks  widch. 
the  madiinery  i&«pt  to  receive  upon  beng  throwninti»  geen 
CC  is  a  cross  nxed  firas  on  die  msring  diaft  A;  aatd^ 
B  is  a  pulley  or  dram  fiieed  fins  on  the  shaft  to  be  moved^  B. 
When  the  shaft  B  is  required  t»  be  OMved,  the  c^itcb  or 
bayonet  It  is  made  to-pass  tiatough  the  arms  of  tbeicrassCC, 
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iftid  da^  tht  icftfw-hoop  II,  which  is  by  that  means  carried 
roioid  witik  the  shaft  A,  and  Ae  friction  caused  by  the  screw- 
hoop  1 1,  turning'  upon  the  dmm  or  pulley  £,  causes  the  drum 
aad  the  slialt  B,  to  which  it  is  attachied,  to  turn  likevnse. 

The  frfetion  4)one  is  very  simiislr  in  ita  effects  to  tihe  fric- 
tkm  ehitch*  Oki  the  moving  shaft  A,  fig*  7ij  is  fixed  a  cone 
C;  and  on  Uie  shaft  B  is  another  cone  D,  made  to  fit  in  the 
oone  C.  The  cone  0  is  movable  on  a  square  part  of  the 
ihaft  By  a^d  wA^,  by  a  lever,  be  mored  in  and  otit  of  geer. 
When  the  cone  D  i8  moved  forward,  the  cone  C  receives 
notiDn  by  its  internal  surCace. 

In  fig.  72  is  renresented  the  self-disengag^g  coupling. 
Tiro  diafts^  A  and  B,  have  each  of  them  a  cast  iron  wheel,  with 
SEmr  ol^ae  wrought  iron  teeth ;  but  the  wheel  on  the  shaft 
B  n  liiovable,  on  A  it  is  fixed.  When  the  coupling  is  en- 
giged,  the  teeth  of  the  wheel  C  lay  hold  of  the  teeth  of  the 
wfaed  D,  and  carry  it,  and  the  shaft  A,  round  with  the  shaft 
B.  EFG  is  a  bent  lever,  having  its  fulcrum  at  F,  which, 
during  the  ordiniuy  stress  on  B,  keeps  forward  the  bayonet  C, 
fay  the  weight  of  the  pait  FG;  bnt  when  a  more  than  usual 
fbess  coines  on  the  shaft  B,  the  pressure  on  the  oblique 
lecdi  forces  Uie  bayonet  baek,  and  disengagefs  the  coupling, 
mi  the  lever  is  held  by  a  catch  until  me  couj^ng  is  re- 
iapged  by  the  hand  of  tne  worionan. 

OK  EQUALIZING  THE  MOTION  OF  MACHINERY* 

Tta  regulation  of  the  velocity  of  a  mill  is  a  mattief  of  very 
grot  importance  to  preserve  an  uniformity  of  motion,  either 
when  die  force  of  the  first  mover  is  fluctuating,  or  when  the 
rcnstance  or  work  of  the  mill  varies  iii  its  degree :  either  or  both 
of  these  causes  will  ocdision  the  mill  to  accelerate  or  diminish 
its  vdocity ;  and  in  many  instances  it  will  have  a'very  injurious 
effect  upon  the  operations  of  th^  mill.  Thus,  in  a  mill  for 
apimdog  cotton,  wool,  flax,  &c.,  driven  by  a  water-wheel,  are 
a  multliAicitv  of  movements,  many  of  which  are  occasionally 
SaengKged,  in  different  parts  of  the  mill,  for  various  purposes. 
Has  tends  to  diminish  the  resistance  to  the  first  mover,  and 
the  wfacde  inill  accelerates.  Or,  on  the  oth^r  haiid,  the  head 
of  water,  which  drives  the  wheel,  may  be  liable  to  rise  and 
bH  suddenly,  from  niany  causes,  which  gi^t  and  rapid  rivers 
are  subject  to,  and  cause  similar  irregularities  in  the  speed  of 
the  wheel.  For  such  cases  judicious  mechanics  have  adopted 
contrivances,  or  regulators,  which  counteract  all  these  causes 
of  irrmdarity;  and  a  large  mill,  so  regulated,  will  move  lUte 
a  cloc£,  with  regard  to  its  regularity  of  velocity.    Thess 
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regulators  are  usually  called  called  govemors^  and  are  made 
on  different  principles.    Those  most  generally  used  are  called 
flying-balls,  operating  by  the  centrinigal  force  of  tvro  heary 
balls,  which  are  connected  and  revolve  with  a  vertical  axis,. 
Fig.  189^  steam-engine,  is  the  simplest  form  of  this  ingenious 
apparatus;  A  A  is  the  vertical  axis,  which  is  constantly  revolv- 
ing by  the  machinery;  at  a  a  two  arms  or  pendulums,  ab,abj 
are  jointed,  and  carry  at  their  extremities  a  heavy  metal  ball, 
each,  as  b,b;  from  the  pendulum  two  chains  or  iron  rods, 
d  dy  proceed,  and  suspend  a  collar  e,  which  slides  freely  up 
and  down  the  axis,  and  has  a  groove  formed  all  round  it,  in 
which  the  end  of  a  forked  lever,  D,  ia  received)  and  thus.the 
rising  and  the  falling  of  the  collar  e,  produces  a  corresponding 
motion  of  the  end  of  the  lever  D;  but  the  collar  is  always  at 
liberty  to  turn  round  with  the  axis  freely  within  the  fork, 
at  the  extremity  of  the  lever.    The  operation  of  the  governor 
is  this :  when  the  vertical  axis  is  put  in  motion,  the  centri- 
fugal force  of  the  balls  by  b,  causes  them  to  recede  from  the 
centre;  and  as  this  is  done  both  together,  they  cause  the 
collar  e,  and  the  end  of  the  lever,  to  rise  up:  the  balls  fly  out 
to  a  certain  height,  and  there  they  continue  as  long  as  the 
axis  preserves  the  same  velocity;  as  it  is  the  property  of  a 
pendulous  ball,  like  A,  to  make  a  greater  effort  to  return  to 
the  perpendicular,  in  proportion  as  it  is  removed  farther  from 
it,  in  consequence  of  the  suspending  rod  being  more  inclined, 
and  bearing  less  of  its  weight,    Tne  weight  of  the  balls  to 
return  to  the  axis  may  be  considered  as  a  constantly  increasiiq^ 
quantity;  while  the  quantity  of  the  centrifugal  force,  causing 
them  to  recede  from  the  axis,  depends  exactly  upon  the 
velocity  given  them.    But  this  velocity  increases  as  they  open 
out,  independently  of  any  increased  velocity  of  the  axis,  in 
consequence  of  their  describing  a  larger  circle.    The  com- 
bination of  these  oppositely  acting  forces  causes  the  governor 
to  be  a  most  sensible  and  delicate  regulator.    Thus :  suppose 
the  balls  hanging  perpendicular  put  the  axis  in  motion  with 
a  certain  velocity,  the  centrifugal  force  will  cause  the  balls 
to  fly  out;  and  this  increasing  their  velocity,  (by  putting 
theni  farther  from  the  centre,  and  causing  them  to  revolve  m 
a  larger  circle,)  gives  them  a  greater  centrifugal  force,  which 
w;ould  carry  tiiem  still  farther  from  the  centre,  but  for  the 
counteracting  force,  viz.  the  weight  of  the  bajls  tending  to 
return.    This  is,  as  before  stated,  an  increasing  quantity, 
and  consequently  these  opposite  forces  come  to  a  point  where 
they  balance  each  other;  that  is,  the  balls  fly  out  till  their 
weight  to  return  balances  the  centrifugal  forc^»    But  if  the 
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sUgktest  alteration  takes  place  in  the  velocity  of  the  ascis, 
the  equilibrium  is  destroyed  by  the  increase  or  diminution  of 
the  centrifugal  force,  and  the  balls  alter  their  distance  from 
the  centre  accordingly,  and,  by  elevating  or  depressing  the 
end  of  the  lever,  operate  upon  some  part  of  the  mill  to  rectify 
the  cause  of  the  irregularity.  In  a  steam-engine,  the  lever 
acts  upon  a  vane  or  door  situated  in  the  passage  of  the  steam 
from  the  bcnler  to  the  cylinder ;  and  if  the  mill  loses  in  velo- 
city, from  an  increase  of  resistance,  the  balls  tail  together  a 
httle,  and  the  consequent  fall  of  the  lever  opens  the  door  or 
throttle-valve  a  little  wider,  and  gives  a  stronger  supply  of 
steam  to  restore  the  mill  to  its  original  velocity.  On  the 
other  hand,  if  the  mill  accelerates,  the  balls  open  out  and 
then  dose  the  vane^  so  as  to  moderate  the  supply  of  steam. 

A  water-wheel  is  not  so  easUy  regulated  by  the  governor, 
because  the  shuttle  of  a  large  wheel  requires  a  much  greater 
fnve  to  raise  or  lower  it,  when  the  water  is  pressing  against 
it,  than  the  lever  D,  can  at  any  time  possess;  it  therefore 
becomes  requisite  to  introduce  some  additional  machinery, 
which  has  3ufEicient  power  to  move  the  shuttle,  and  this  is 
thrown  in  or  out  of  action  by  the  flying  baUs.  The  simplest 
contrivance,  and  that  which  we  believe  was  the  regulator  first 
xtsed  for  a  water-wheel,  was  erected  at  a  cotton-mill  at 
Helper,  in  Derbyshire,  belonging  to  Mr.  Strutt.  A  square 
well,  or  large  cistern,  was  situated  close  by  the  water-wheel : 
it  luui  a  pipe  leadnig  from  the  mill-dam  into  it,  to  admit 
water;  and  another  pipe  from  it  to  the  mill-tail,  to  take  the 
water  away :  both  were  closed  at  pleasure  by  cocks  or  sluices. 
Within  the  well  was  a  large  floatmg  chest,  very  nearly  filling 
op  the  space :  it  of  course  rose  and  fell  with  the  water  in  the 
dstem.  and  had  a  communication  by  rack  and  wheel-work 
with  the  machinery  for  drawing  the  shuttle^  so  that  the  rise 
and  fall  of  the  floating  chest  elevated  and  depressed  the 
shuttle  of  the  wheel.  The  lever  of  the  governor  was  con- 
nected with  the  cocks  in  the  two  pipes  in  such  a  manner, 
that  when  the  mill  was  going  at  its  intended  velocity,  both  of 
the  cocks  were  shut;  but  if  the  water-wheel  went  too  slowly, 
the  falling  of  the  balls  and  descent  of  their  lever  D,  opened 
the  cock  in  the  pipe  of  supply,  and,  by  letting  water  into  the 
well,  lai^d  the  float,  and,  with  it,  the  shuttle,  to  let  more 
water  upon  the  tvheel,  till  it  acquired  such  a  velocity  that  the 
balls  b^an  to  open  out  again,  and  thus  shut  the  cock :  on 
the  other  hand,  if  the  mill  went  too  fast,  the  balls  opened  the 
pipe  of  exit  from  the  well,  and  then  the  suiking  of  the  float 
iiwed  the  shuUle  till  the  true  velocity  was  restored. 
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Since  tim  fir»t  application  of  the  regidator  to  the  wafcar* 
wheel,  the  nuumer  of  its  operation  has  been  greatly  vaded; 
and  as  the  same  anechanism  is  applicable  to  aay  kind  of 
mill-woric,  we  shall  give  a  slight  sketch  of  it.  Suppose  A^ 
fig.  7^f  ^^  axiS)  receiving  its  motion  from  the  mill  .by  wheel- 
work;  it  is  provided  witii  a  pair  of  governors,  a  A,  abj  con- 
structed like  those  before  described;  and  at  the  lower  part  of 
the  ^indle  is  a  bevelled  wheel,  R,  .turning  two  others,  B  and 

C,  situated  upon  one  spindle,  D,  which  goes  away,  and 
communicates  motion  to  the  racjks  of  the  shuttle;  the  wheels, 
B  and  C,  are  neither  of  them  fi^ed  to  the  spindle  D,  but  both 
slip  round  freely  upon  it,  turning  in  contrary  directions,  as 
they  receive  motion  from  the  <q>po8ite  sides  of  the  wheel  R. 
A  locking  cli^tch,  d^  is  fitted  upon  the  spindle  hetween  these 
two  wheels,  fi,  C,  and  can,  by  moving  it  one  way  or  the 
other,  be  made  to  lock  either  one  of  the  wheels  to  the  spindle 

D,  at  the  same  time  that  it  leaves  the  other  disengaged. 
The  locking4}ox  is  moved  hv  means  of  a  lever,  shown  in 
fig.  7^9  the  arm  m  having  a  mrk  to  embrace  a  groove  in  the 
box;  tlie  lever  is  fixed  on  a  vertical  axis  n,  which  has  at  the 
upper  end  two  other  levers,  o,  p;  these  lay  one  at  each  side 
of  the  vertical  axis  A,  but  at  difierent  heights,  as  is  evident 
from  the  figure.  The  coUar  e,  which  is  raised  up  when  the 
balls  fly  out,  is  fitted  upon  a  square  part  of  the  spindle  A, 
and  is  formed  like  a  snail  or  camm,  which  wiU  act  upon  either 
of  the  levers,  o  orp,  according  to  the  height  at  which  it 
hangs  upon  its  spindle.  Now  when  the  miU  is  going  widi 
its  true  vdodty,  this  eamm  e  is  at  such  a  hei^t  that  it  is 
beneath  one  lever,  o,  and  above  the  other,  jp,  so  as  to  inter- 
fere with  ndther;  consequently  the  locking-box,  d,  remains 
detached:  but  on  any  alteration  in  the  veuicity  of  the  mill 
and  the  axis  A,  the  balls  open  or  shut,  as  before  explained, 
and  the  camm,  e,  either  rises  or  fidls,  aind  then  it  presses  against 
one  of  the  levers,  o  or  jp,  and  bv  pushing  it  away  from  the 
axis,  it  moves  the  lever  m,  and  the  locking-box  a,  up  to  one 
of  the  wheels,  B  or  C,  which  it  locks  to  the  axis  D,  and  turns 
it  round  in  the  dh^ction  of  that  wheel's  motion,  by  whidi  it 
either  raises  or  depresses  the  water-\Hieers  buttle,  as  is 
required.  This  apparatus  may,  it  is  plain,  be  applied  to  any 
other  kind  of  mill-work. 

Governors  or  flying-balls  are  very  frequently  used  in  the 
wind-mills  employed  for  grinding  flour :  the  variable  force  of 
this  first  mover  renders  some  Such  regulator  necessary,  to 
increase  the  resistance,  by  allowing  a  greater  feed  of  corn, 
when  the  miU  moves  too  ciuickly,  and  thus  in  some  degree 
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■WMUwitthig  tihe  jgrtgidari^.  If  the  n^  movts  too  dowly^ 
Iht  bftllB  taid  to  diiaiaiah  the  feed^  aad  at  the  same  time 
they  mute  the  vpper  sUme,  to  set  tbem  at  a  greater  distaoce 
agiBder^  that  tfaejr  may  re^re  less  power  to  drive  them^  and 
eonaeqiieiitly  suffer  the  mill^  as  nearly  as  it  can^  to  retain  its 
MH  velocity,  Aoogfa  the  motive  force  is  greatly  diminiahed. 
Una  applicatioB  df  the  governor  waa^  we  believe,  irst  made 
by  the  iagenioae  cnytain  Hoqper  of  Margate,  idio  invented 
the  horizontal  wind-mill.  It  is  a  very  ffreat  advantage,  and 
BO  wind-mOl  should  be  without  them.  Many  wmd-milb  are 
provided  with  flying-balls,  which,  by  very  mgenious  me- 
rfaaitiain,  clothe  wdd  unclothe  the  sails  just  in  proportion  to 
the  strength  of  the  wind. 

In  many  mills  it  is  of  consequence  to  be  able  to  detect 
snnll  variations  in  the  velocity,  and  to  ascertain  the  quantity 
of  them;  for  the  governor  only  corrects  the  irregularities, 
wUioiA  showing  any  scale  of  them.  In  cases  where  this  is 
required,  it  may  be  done  by  a  verv  ingenious  instrument, 
hiveated  by  Mr.  Bryan  Donkin,  of  Fort-place,  Bermondsey. 
He  received  a  gold  medal  ftom  the  Society  of  Arts,  Manu- 
factures, «id  CMmierce,  in  1810,  for  this  instrument,  which 
he  calls  a  tachometer. 

J  fircnt  view  of  Mir.  DmikiH*s  tachometer^  or  instru^ 

mmtfoff  indicatimg  the  vehciiy  of  MacAineiy,  is  represented 

■  ig.  76,  and  a  side  view  in  dg.  77-    X  YZ,  flg.  76>  is  the 

rertMal  section  of  a  wooden  cup,  made  of  box,  which  is 

drawn  m  elevation  at  X,  fig.  7a    The  whker  parts  of  the 

sectioo,  in  fig.  76,  represent  what  is  solid,  and  the  dark  parts 

wiiat  is  hollow.    This  cup  is  filled  with  mercury  up  to  the 

lerd  Ij  L,  fig.  76.    Into  the  mercury  is  immersed  the  lower 

pttrt  of  the  upru^t  glass  tube  A  6,  which  is  filled  with 

culoiir»d  spirits  of  wine,  and  open  at  both  ends,  so  that  some 

of  the  mercury  in  the  cup  enters  at  the  lower  orifice,  and 

wiien  every  thing  is  at  rest,  supports  a  long  column  of  spirits, 

mm  represented  in  the  figure.    The  bottom  of  the  cup  is 

Ijastrnrd  by  n  screw  to  a  sh^  vertical  spincHe  D,  so  that  when 

Ibe  ^iadle  is  whiried  round,  the  cup  (whose  figure  is  a  solid 

#f  rrrofaiCion)rev<rfves  at  the  same  Ume  round  its  axis,  which 

mimkki  with  that  of  the  apuidle. 

In  consequence  of  tins  rotation,  the  mercury  in  the  cup 
mtMpAnM  a  centrifiigal  force,  by  which  its  particles  are  thrown 
omiwids,  and  that  with  tiie  greats  intensity,  accordmg  as 
tbey  m  uKne  distant  from  the  axis,  imd  according  as  the 
angular  vebcity  is  greater.  Hence,  onacconnt  of  its  fluidity, 
the  mercarf  rises  higher  and  higher  as  it  recedes  from  the 
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axi6,  and  conBequently  sinks  in  the  middle  of  the  cup ;  this 
elevation  at  the  ludes  and  consequent  depression  in  the 
middle  increasing  always  with  the  velocity  of  rotation.  Now 
the  mercury  in  the  tube,  though  it  does  not  revolve  with  the 
cup,  cannot  continue  higher  than  the  mercury  immediately 
surrounding  it,  nor  indeed  so  high,  on  account  of  the  super- 
incumbent column  of  spirits,  l^us  the  mercury  in  the  tube 
will  sink,  and  consequently  the  spirits  also;  but  as  that  part 
of  the  tube  which  is  within  the  cup  is  much  wider  than  the 
part  above  it,  the  depression  of  the  spirits  will  be  much 
greater  than  that  of  the  mercury,  being  in  the  same  propor- 
tion in  which  the  square  of  the  larger  diameter  exceeds  the 
square  of  the  smaller. 

Let  us  now  suppose,  that  by  means  of  a  cord  passing  round 
a  small  pulley  F,  and  the  wheel  G  or  H,  or  in  any  other 
convenient  way,  the  spindle  D  is  connected  with  the  machine 
whose  velocity  is  to  be  ascertained.  In  forming  thb  con- 
nection, we  must  be  careful  to  arrange  matters  so,  that  when 
the  machine  is  moving  at  its  quickest  rate,  the  angular 
velocity  of  the  cup  shall  not  be  so  great  as  to  depress  the 
spirits  below  C  into  the  wider  part  of  the  tube.  We  are 
also,  as  in  the  figure,  to  have  a  scale  of  inches  and  tenths 
appUed  to  A  C,  the  upper  and  narrower  part  of  the  tube,  the 
numeration  being  carried  downwards  from  zero,  which  is  to 
be  placed  at  the  point  to  which  the  column  of  spirits  rises 
when  the  cup  is  at  rest. 

Then  the  instrument  will  be  adjusted,  if  we  mark  on  the 
scale  the  point  to  which  the  column  of  spirits  is  depressed, 
when  the  machine  is  moving  with  the  velocity  required. 
But,  as  in  many  cases,  and  particularly  in  steam-engines, 
there  is  a  continued  oscillation  of  velocity,  in  those  cases  we 
have  to  note  the  two  points  between  which  the  column 
oscillates  during  the  most  advantageous  movement  of  the 
machine. 

Here  it  is  proper  to  observe,  that  the  height  of  the  column 
of  spirits  will  vary  with  the  temperature,  when  other  cir- 
cumstances are  the  same.  On  this  account  the  scale  ought 
to  be  movable,  so  that,  by  slipping  it  upwards  or  downwards, 
the  zero  may  be  placed  at;  the  point  to  which  the  column 
reaches  when  the  cup  is  at  rest ;  and  thus  the  instrument 
may  be  adjusted  to  the  particular  temperature  with  the  utmost 
facility,  and  with  sufficient  precision.  The  essential  parts  of 
the  tachometer  have  now  been  mentioned,  as  well  as  the 
niethod  of  adjustment ;  but  certain  circumstances  remain  to 
be  stated. 
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Hie  form  of  the  cup  is  adapted  to  render  a  smtdler  quantity 
of  mercury  sufficient,  than  what  must  have  been  employed 
fsAtT  wiUi  a  cylindrical  or  hemispherical  vessel.  In  every 
case  two  precautions  are  necessary  to  be  observed : — first, 
that  when  the  cup  is  revolving  with  its  greatest  velocity,  the 
mercury  in  the  middle  shall  not  sink  so  low  as  to  allow  any 
of  the  spirits  m  the  tube  to  escape  from  the  lower  orifice, 
and  itoA  the  mercury,'when  most  distant  from  the  axis,  shall 
not  be  thrown  out  of  the  cup.  Secondly,  that  when  the  cup 
is  at  rest,  the  mercury  shall  rise  so  high  above  the  lower  end 
of  the  tube,  that  it  may  support  a  column  of  spirits  of  the 
proper  length. 

Now  in  order  that  the  quantity  of  merciury,  consistent 

with  these  conditions,  may  be  reduced  to  its  minimum,  it  is 

necesaary — ^first,  that  if  M  M,   fig.  76,  is  the  Iqyel  of  the 

mercury  at  the  axis,  when  the  cup  is  revolving  with  the 

greatest  velocity,  the  upper  part  M  M  X  Y  of  the  cup  should 

be  of  such  a  form  as  to  have  the  sides  covered  only  with  a 

thio  fifan  of  the  fluid ;  and,  secondly,  that  for  the  purpose  of 

raising  the  small  quantitv  of  mercury  to  the  level  L  L,  which 

may  support  a  proper  height  of  spirits  when  the  cup  is  at 

rest;  the  cavity  of  the  cup  should  be  in  a  great  measure 

occupied  bv  the  block  K  K,  having  a  cylindrical  perforation 

a  the  miodle  of  it  for   the  immersion  of  the  tube,  and 

JeniDg  sufficient  room  within  and  around  it  for  the  mercury 

io  move  freely  both  along  the  sides  of  the  tube  and  of  the 

The  block  K  K  is  preserved  in  its  proper  position  in  the 
cup  or  vessel  X  Y  Z,  by  means  of  three  narrow  projecting 
slips  or  ribs  placed  at  equal  distances  round  it,  and  is  kept 
from  rising  or  floating  upon  the  mercury  by  two  or  three 
small  iron  or  steel  pins  mserted  into  the  under  side  of  the 
cover,  near  the  iq>erture  through  which  the  tube  passes. 

It  would  be  extremely  diflicult,  however,  nor  is  it  by  any 
means  important,  to  give  to  the  cup  the  exact  form  which 
would  reduce  the  quantity  of  mercury  to  its  minimum  ;  but 
we  shall  have  a  sufficient  approximation,  which  may  be  exe- 
cuted with  great  precision,  if  the  part  of  the  cup  above  M  M 
is  made  a  parabohc  nonoid,  the  vertex  of  the  generating  para- 
bola bring  at  that  point  of  the  axis  to  which  the  mercury 
sinks  at  its  lowest  depression,  and. the  dimensions  of  the 
pantoyl  bm^g  detenmned  in  the  following  manner.  Let 
V  G,  Bg,  78,  represent  the  axis  of  the  cup,  and  V  the  point 
to  wbkb  the  mercury  sinks  at  its  lowest  depression ;  at  any 
point  G  above  V,  draw  G  H  perpendicular  to  V  G  j  let  »  be 
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ihe  number  of  reyidubicuis  which  the  eup  is  to  perfiBcm  in 
y^  at  iu  quickest  motioti ;  let  «  bt  iiie  iwiher  of  iBcbeB 
which  a  body  would  deecrihe  unifermly  iii  1'^,  with  the  Telo- 
leity  acquired  in  laUing  &om  rest,  thoough  a  heigbt  se  to 

G  V>  anf}  wake  G  H  =  -g-jr — r,    Then,  the  parabola  to  be 

determined  is  that  whidi  has  v  for  Us  vertex,  V  G  for  its 
axis,  and  G  H  for  its  ordinate  at  G.  The  cup  has  a  lid  to 
prevent  the  naereury  fipom  being  thrown  out  ot  it,  an  event 
whieh  would  take  place  with  a  very  moderate  velocity  of 
rotation,  unless  Mie  sides  were  raised  to  an  inconvenient 
height ;  but  the  lid,  by  obstructing  the  elevation  at  the  sides 
of  the  cup,  wUl  diminish  the  depression  in  the  middle^  and 
consequently  the  depression  of  spirits  in  Ac  tube :  on  this 
account  a«  cavity  is  formed  in  the  blodc  immediately  above 
the  level  L  L,  where  the  mercury  stands  when  the  cup  is  at 
rest ;  and  Urns  a  receptacle  is  given  to  the  fluid,  which  would 
otherwise  disturb  the  centriftxgal  force  and  impair  the  sensi- 
bility of  the  instruTnent. 

It  wiH  l)e  observed,  that  the  lower  orifice  of  the  tube  is 
turned  upwards.  By  this  means,  after  the  tube  has  been 
mied  with  spirits  by  suction,  and  its  upper  orifice  stopped 
wiA  the  finger,  it  may  easUy  be  conveyed  to  the  cup  and 
immersed  in  the  quicksilver  without  any  danger  of  the  spirits 
escaping  5  a  circumstance  which  otherwise  it  would  be  ex- 
tremely difficult  to  prevent,  since  no  part  of  the  tube  can  be 
made  capillary,  consistently  with  that  free  passage  to  the 
fluids,  which  is  essentially  necessiary  to  the  operation  of  the 
instrument. 

We  have  next,  to  attend  to  the  method  of  putting  the 
tachometer  in  motion  whenever  we  wish  to  examine  the  velo- 
city of  the  maehine.  The  pulley  F,  which  b  continually 
whirling  during  the  motion  of  the  machine,  has  no  connec- 
tion whatever  with  the  cup,  so  long  as  the  lever  QR  is  left 
to  itself.  But  when  this  lever  is  raised,  the  hollow  cone  T, 
which  is  attached  to  the  pulley  and  whirls  along  with  it,  is 
also  raised,  and  embracing  a  solid  cone  on  die  snindle  of  the 
eup,  communicates  the  rotation  by  friction.  Wnen  our  ob- 
servation is  made,  we  have  only  to  allow  the  lever  to  drop  by 
its  own  weight,  and  the  two  cones  will  be  disengaged,  and 
the  cup  remain  at  rest. 

The  lever  Q  R  is  connected  by  a  vertical  rod  to  another 
lever  S,  having,  at  the  ex^emity  S  a  valve,  whidbi,  when  the 
lever  Q  R  is  raised,  and  the  tachometer  is  in  motion,  is 
lifted  up  from  the  top  of  Uie  tube,  sq  as  to  adn^it  the  externa) 
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air  upoD  liie  deprepnon  of  the  apufts ;  on  tbe  otiber  liand, 
when  the  kver  Q  R  Uih,  imd  the  cujp  is  at  rest,  the  ybIv^ 
at  S  closes  j^ie  tube^  «Lnd  prerei^  the  ^irits  from  being 
wasted  hy  eyiipgKiitioiip 

It  18  Jiurtlv  jto  he  xienii^^j  that  bolh  ihe  aenaiMily  and 

the  range  oi  the  instniment  may  be  infinitely  increased ;  fatf 

oo  the  one  h«pd,  hj  ^eii)argV9g  t^  proportion  between  the 

fameters  of  ^  wide  aoo  avrow  parts  of  the  tubepv^ 

aJL^Ige  in  a  mpch  ^igW  prppoption  tfie  extent  of  ^icale  icor- 

Teq^Qiiding  to  «ny  gi^eu  Y$mld(m  of  wjdoi^Y ;  and  /m  /the 

^ti^  h^mii^  by  4eepeiujpig  jtl^  cup  s^  as  to  admit  wi^»  it  is 

at  zest  a  g?oeater  height  of  niercury  ahovie  the  lov^  end  sd 

the  tube,  F^  lengtjj^n  the  column  ot  spirits  which  the  merr 

day  Asn  ^uppOTt,  and  consequeo^y  enlarge  {the  ydiocity^ 

whM^  vith  any  g^yiega  sensihUity  of  the  instrument,  is  re^ 

ffliiaite  to  depress  ihe  spirits  to  the  bottom  of  the  scale. 

Hence  the  tachometer  is  capable  of  being  employed  in  veiy 

dplkate    pbilosii^^QF^  jeyyyimentH^  more  especially  as  a 

scale  might  be  appUed  to  it,  indicating  e^ual  increments  of 

Telocity.    Qat  w  the  present  account  it  is  merely  intended 

to  state  bow  it  m^y  be  adapted  to  detect  in  machinery  eveqr 

deviation  from  the  most  advantageous  movement. 

General  Observatians.r-Au  setting  out  the  geering  of  a 
wSl,  it  should  be  the  object  of  the  engineer  to  place  the 
heavies^  niachinery  nearest  the  moving  power,  as,  m  trans- 
roitting  motion  to  a  great  distance,  not  only  the  weight  of 
shifting  is  to  be  taken  into  consideration,  but  the  Mctioa 
which  exists  in  ill  the  diffenent  bearings,  and  n^ch  ia 
gfxatlj  incre||^ed  bj  9  smaU  <d>atacle  pl^ed  beyond  those 
bearings. 

Care  likeivise  i^uld  bfe  tdsea  to  make  as  few  bearings  as 
pos^le,  still  keeping  in  ^w  that  the  shafts  must  not  be 
alloved  to  sw^.  Bi^es  aiight  be  given  for  the  distances  of 
th^  iK^rings  of  the  shafting,  if  the  Rafting  had  only  to  more 
itaelf,  b^jt  having  to  cany  various  sized  puUies,  both  their 
weight  apd  the  weight  of  tbe  machinery  tijiey  turn  must  be 
iaketk  bto  coffsider^tjon,  which  compel  us  to  forego  the  atr 
t^^ipt  J  it  is,  however,  ni^cessary  to  state,  that  it  is  better  to 
have  a  bearing  top  many  than  to  allow  a  shaft  to  bend,  as  it 
canpot  then  ruQ  jtnie  in  its  steps  or  journals. 

In  Conning  couplings,  great  care  should  be  taken  to  make 
them  ^  po  illicit  the  coupled  shaft  may  move  as  though  of 
the  same  piepe  wi^  ^^  driving  shaft :  nor  can  simplicity  be 
toottrooffy  i^ecomm^ded,  that  the  coupled  shaft  may,  in 
"  f  of  an  ap^d^^  ^  instantaneously  disengaged^  for  the 
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loss  of  time  arising  from  any  accident  is  of  serious  im- 
portance to  the  manufacturer.  Couplings  should  be  placed 
near  the  bearings,  as  there  is  there  the  least  swag,  and  the 
shaft  is  of  course  the  weakest  at  the  couplings.  The  same 
observation  is  applicable  to  the  disposing  of  wheels  and 
puUies. 

Pullies  have  been  sometimes  formed  in  two  halves  for 
putting  upon  the  shaft  without  taking  the  shaft  down,  but 
their  adoption  is  by  no  means  general,  as  there  is  some 
difficulty  in  fixing  them  true  whilst  the  shaft  is  in  its  place. 

Straps  to  drive  geering  should  be  avoided  whenever  wheels 
can  be  substituted,  as  they  are  very  liable  to  stretch  and 
break,  and  do  not  transmit  regular  motion.  In  fixing  the 
wheels  and  pullies  upon  a  shaft,  which  is  mostlv  done  by 
driving  wedges  in  the  bush  of  the  wheel  or  pulley,  called 
staking  them  on,  great  pains  should  be  taken  to  have  them 
true,  which  can  only  be  done  by  driving  the  wedges  regu- 
larly on  each  side  to  the  same  degree  of  tightness.  It  most 
generally  happens  when  one  wedge  is  over-driven,  the  work- 
men, rather  than  take  the  trouble  to  alter  it,  will  let  it  re- 
main ;  but  this  is  of  more  importance  than  is  generally 
imagined,  for  if  a  wheel  is  not  true,  it  cannot  work  in  the 
pitch  line,  all  round,  and  where  it  is  out  it  will  shake,  or  have, 
what  is  called,  back-lash^  which,  happening  always  in  the 
same  place,  will  wear  the  wheels  irregularly.  If  a  pulley  is 
not  true,  it  will  communicate  irregular  motion  by  its  strap, 
and  likewise  cause  an  irregular  stress  upon  the  shaft  on  which 
it  works,  much  to  the  detriment  of  the  bearing. 

Chains  have  been  beneficially  introduced  as  substitutes 
for  straps  in  driving  heavy  geer. 

Shafts  should  be  circular,  as  tiiey  are  less  likely  to  catch 
any  thing,  and  have  a  much  neater  appearance.  The  same 
may  be  said  of  couplings.  The  wneels  of  the  geering 
should  be  always  enclosed  in  a  casing  of  wood,  called  boxing 
qffy  to  prevent  any  thing  falling  in  between  them,  or  accidents 
occumng  to  the  people  who  may  be  working  near  them.  'JTie 
wheels  should  be  furnished  with  brushes  resting  upon  their 
£ices,  to  distribute  the  grease  equally  and  to  keep  it  between 
the  teeth :  and  on  starting  a  new  pair  of  wheels,  a  little 
emery  may  be  put  on  with  the  grease,  to  bring  them  to  a 
smooth  face. 

The  follo\^ing  general  observations  on  the  construction 
of  Machines,  and  on  the  regulating  of  their  motions,  appear 
to  be  highly  worthy  of  the  Mill-wright's  attention ;  we 
luive,  therefore,  extracted  them    from  l^x,  Robison's  article 
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oo  Machinery^  inserted  in  the  Supplement  to  the  JEncyclo 
p^tdia  Sritannica, 

When    heavy   stampers    are  to  be    raised,  in    order  to 
drop   on  the  matters  to  be  pounded^  the  wipers  by  which 
they  are  lifted  should  be  made  of  such  a  form^  that  the 
stamper  may  be  used  by   a  uniform  pressure,  or  with  a 
motion   almost  perfectly  uniform.    If  this  is  not  attended 
to,  and  the  wiper  is  only  a  pin  sticking  out  from  the  axis, 
the  stamper  is  forced  into  motion  at  once.     This  occasions 
violent  jmts  to  the  machines,  and  great  strains  on  its  moving 
parts  and  their  points  of  support  5  whereas,  when  they  are 
gradually  lifted,  the  inequality  of  desultory  motion  is  never 
felt  at  the  impeUed  point  of  the  machine.    We  have  seen 
pistons  moved  by  means  of  a  double  rack  on  the   piston 
rod.     A  half  wheel  takes  hold  of  one  rack,  and  raises  it  to 
the  required  height.    The  moment  the  half  wheel  has  quit- 
ted that  side  of  the  rack,  it  lays  hold  of  the  other  side,  and 
forces  the  piston  down  again.    This  is  proposed  as  a  great 
im|m7Tement;    connecting    the    unequable    motion  of  the 
piston  moved  in  the  common  way  by  a  crank.    But  it  is  far 
mfierior  to  the  crank    motion.     It  occasions  such    abrupt 
changes  of  motion,   that  the  machine  is  shaken  by  jolts. 
Indeed^  if  the  movement  were  actually  executed,  the  machhie 
voold  be  shaken  to  pieces,  if  the  parts  did  not  give  way  by 
i»cnding  and  yielding.    Accordingly,  we  have  always  observed 
that  this  motion  soon  failed,  ana  was  changed  for  one  that 
was  more  smooth.    A  judicious  engineer  wUl  avoid  all  such 
sudden  changes  of  motion,  especially  m  any  ponderous  part 
of  a  machine. 

When  several  stampers,  pistons,  or  other  reciprocal 
movers,  are  to  be  raised  and  depressed,  common  sense  teaches 
us  to  distribute  their  times  of  action  in  a  uniform  manner,  so 
that  the  machine  may  always  be  equally  loaded  with  work. 
When  thb  is  done,  and  the  observations  in  the  preceding 
paragraph  attended  to,  the  machine  may  be  made  to  move 
almost  as  smoothly  as  if  there  were  no  reciprocations  in  it. 
INothing  shows  the  ingenuity  more  than  the  artful  yet  simple 
and  effectual  contrivances  for  obviating  those  difficulties 
that  nnavoidably  arise  from  the  very  nature  of  the  work 
that  must  be  performed  by  the  machme,  and  of  the  power 
emplo/ed. 

ibere  is  also  great  room  for  ingenuity  and  good  choice 

in  the  mnuagement  of  the  moving  power,  when  it  is  such  as 

cuinoi  immediately  produce  the  kind  of  motion  required  for 

effectiDg  the  purpose.     We  mentioned  the  cop  version  of  the- 


Digitized 


by  Google 


46  THB  OFSRATIVB  MKCHANIC 

continued  rotation  of  an  axis  into  the  redprocating  ihotioa 
of  a  piston^  and  the  improvement  which  was  thought  to  have 
been  made  on  the  common  and  obvious  contrivance  of  a 
crank,  by  substituting  a  double  rack  on  the  piston-rod,  and 
the  inconvenience  ansin^  from  the  jolts  occasioned  bv  this 
change.  We  have  seen  a  gt^at  forge,  where  the  engmeer, 
in  order  to  avoid  the  same  inconvenience  arising  from  the 
abrupt  motion  given  to  the  great  sledge  hammer  of  seven 
hundred  weight,  resisting  with  a  five-fold  momentum,  formed 
the  wipers  into  spinds,  which  conununicated  motion  to  the 
hammer  almost  without  aily  jolt  whatever;  but  the  result 
was,  that  the  hammef  ros6  no  higher  than  it  had  been  raised 
in  contact  \dth  the  wipei^^  and  men  fell  on  the  iron  bloom 
with  very  Utti^  effect.  ITie  cause  of  its  inefficiency  was  not 
guessed  at ;  but  it  w'&s  removed,  and  wipers  of  the  common  form 
were  put  in  place  of  thef  spirals.  In  this  operation,  the  rapid 
inotion  of  the  hammer  is  absolutely  necessary.  It  is  not 
enough  to  lift  it  up ;  it  must  be  tossed  up,  so  as  to  fly  higher 
tiian  the  wiper  lifts  it,  and  to  strike  with  great  force  the  strong 
oaken  spring  which  is  placed  in  its'  way.  It  compresses  this 
spring,  and  is  reflected  by  it  with  a  considerable  velocity,  so 
as  to  hit  the  iron  as  if  it  had  fallen  from  a  great  height 
Had  it  been  allowed  to  fly  to  that  height,  it  would  have 
fidlen  upon  the  iron  with  soilne^diat  more  force,  (because  no 
oaken  spring  is  perfectly  elastic,)  but  this  would  have  re- 
quired more  than  twice  the  time; 

In  employing  a  power  Which  of  necessity  reciprocates,  to 
drive  machmery  wnich  requires  a  continuous  motion  (as  in 
applying  the  steam-engine  to  a  cotton  or  grist  mill,)  there 
also  occur  great  difficulties.  The  necessity  of  reciprocation 
in  the  first  mover  wastes  much  power ;  because  the  instru- 
ment which  communicates  such  an  enormous  force  must  be 
extremely  strong,  and  be  well  supported.  The  impelling 
power  is  vi^asted  in  imparting,  and  afterwards  destroyinff,  a 
vast  quantity  of  motion  in  ^e  working  beam.  The  skilful 
engineer  will  attend  to  this,  and  do  his  utmost  to  procure  the 
necessary  strength  of  this  first  mover,  without  making  it  a 
vast  load  of  inert  matter.  He  will  also  remark,  that  idl  the 
strains  on  it,  and  on  its  supports,  are  changing  their  direc- 
tions in  every  stroke.  This  requires  particular  attention  to 
the  mamier  of  supporting  it.  K  we  observe  the  steam* 
engines  which  have  been  long  erected,  we  see  that  they  have 
uniformly  shaken  the  building  to  pieces.  Hiis  has  been 
owing  to  the  ignorance  or  inattention  of  the  engineer  in  thb 
particular.    They  are  much  more  judiciously  erected  now, 
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nperleifcd  lM»riiig  tutigfit  the  most  ignonmf  ^at  no  building 
can  with£tttid  to^ir  desultory  ^d  opposite  jolts,  and  th^ 
the  greaet  moreineiiffr  maut  bt  sDpported  by  a  fr«me-iirork 
faid«peii^nt  erf  die  boildinjif  of  mflsonry  which  contains  it.* 

The  e^tKtt  will  id«o  reniftflc,  that  when  a  single-sttoki* 
9Ce«Di*eBgliie  is  made  to  tbm  a  mill,  all  the  comffiuiiicationK 
of  notioB  change  the  (Bp^<$^on  of  their  pressune  t^ce  every 
stoefee.  Bttring  Ae  wori^ng  stroke  of  the  beam,  dne  side  of 
the  teeth  of  th^  intervening  wheels  is  pressing  the  machinery 
kmnad;  but  during  the  ret^rhmg  stroke,  the  machinery, 
jlready  in  motion,  is  dragging  the  beam,  and  the  wheels  arcf 
ac^hig  Wi^  the  other  side  of  the  teeth.  This  occasions  a' 
nftffiBg  flt  ^ery  change,  and  makes  it  pfOper  to  fashion' 
both  a^des  of  the  teeth  wkh  the  samcf  c»re. 

It  wfli  frequently  conduce  to  the  good  perfoiihaince  of  an 
engine,  ti»  make  the  acdon  of  the  resisting  work  unequable, 
aooomniodAted  to  the  inequaMties  of  the  impelling  power. 
Tfaiswffi  produce  a  more  uniform  motion  in  maclmies  in 
wfckh  Ae  momentum  of  inertia  is  inconsiderable.  Thtre 
tie  flonre  bemitifu]  specimens  of  this  kind  of  adjusttlient'  itt 
the  BKchanism  of  animal  bodies. 

ft  is   very  customary  to  add  what  is  criled  a  Jfy  to  ma- 
dafies.     This  is  a  heavy  disk  or  hoop,  or  other  mass  of 
oMtter  balanced  on  Hi  ejets,   and  so  connected  with  the" 
jaacMncry  as  to  turn  briskly  round  iMth  it.    Tfais*  may  be 
done  with  the  view  of  rendering  the  motion  of  the  wfcble 
Aor«  regular,  notwitttotanding  unavoidable  inequalities  of  tht 
accrienting  forces,  or  of  the  resistances  occasioned  by  the 
woffk.     It  beeomes  a  regulator.    Suppose  the  resistance  ex- 
tremely unequal,  and  the  impelling  power  perfectiy  constant; 
as  when  a  bwhct-wheel  is  employed  to  one  pump.     Wheiii 
the  piston  has  ended  Hff  woridng  stroke,  and  while  it  is  g(nng' 
down  the  barrel,  the  power  of  the  wheel  being  scarcely  op  - 
posed,  it  accelerates  the  whole  machine,  and   the   piston 
arrires  at  the  bottom  of  the  barrel  with  a  considerable  vclo- 
ci^.     But  in  the  rising  again,  the  wheel  is  opposed  by  the 
coromnr  of  water  new  pressing  on  the  piston.    This  imnic- 
dteteiy  relaidytfaie  vHied ;  and  when  the  piston  has  reached 

*  Tht  gwdgeons  of  a  water-^heel  should  nerer  rest  on  the  wall  of  the 
WSdisig.  It  shakes  it ;  aud  if  set  up  soon  after  the  building  has  been 
cT«cttd,  tt  pf«veots  the  ufortar  from  takme  iinn  bond ;  pethaps  by  shatter- 
ing itecibucoas  ctyftftll  as  UunrfbRn.  When  the  engineer  is  obliged  to  rest 
tba  ^sdpDOMJM  lim  way^they  ^ould  be  supported  bj  a  block  of  oak  laid  a* 
btttehoSMrT  This  aoft«DS  all  tremors,  like  springs  of  a  wheel  carnage. 
Tfcis  pnetice  would  be  very  serviceable  in  many  other  parts  of  the  con- 
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the  top  of  the  barrel,  all  the  acceleration  is  undone^  and  is  to 
begin  again.  The  motion  of  such  a  machine  is  very  hob- 
bling :  but  the  superplus  of  accelerating  force  at  the  be^- 
ning  of  a  returning  stroke  will  not  make  such  a  change  in 
the  motion  of  the  machine  if  we  connect  the  fly  with  it.  For 
the  accelerating  momentum  is  a  determinate  quantity.  There- 
fore, if  the  radius  of  the  fly  be  great,  this  momentum  will  be 
attained  by  communicating  a  small  angular  motion  to  the  ma- 
chine. 

The  momentum  of  the  fly  is  as  the  square  of  its  radios ; 
therefore  it  resists  acceleration  in  this  proportion ;  and 
although  the  overplus  of  power  generates  the  same  momen- 
tum of  rotation  in  the  whole  machine  as  before,  it  makes  but 
a  small  addition  to  its  velocity.  If  the  diameter  of  the  fly 
be  doubled,  the  augmentation  of  rotation  will  be  reduced  to 
one-fourth*  Thus,  by  giving  rapid  motion  to  a  small  quan- 
tity of  matter,  the  great  acceleration  during  the  returning 
stroke  of  the  piston  is  prevented.  This  acceleration  conti- 
nues, however,  during  the  whole  of  the  returning  stroke,  and 
at  the  end  of  it  the  machine  has  acquired  its  greatest  velo- 
city. Now  the  working  stroke  begins,  and  the  overplus  of 
power  is  at  an  end.  The  machine  accelerates  no  more ;  but 
if  the  power  is  just  in  equilibrio  with  the  resistance,  it  keeps 
the  velocity  which  it  has  acquired,  and  is  still  more  accele- 
rated during  the  fiext  returning  stroke.  But  now,. at  the  be- 
ginning of  the  subsequent  working  stroke,  there  is*an  over 
plus  of  resistance,  and  a  retardation  begins,  and  continues 
during  the  whole  rise  of  the  piston  ;  but  it  is  inconsiderable 
in  comparison  of  what  it  would  have  been  without  tlie  fly ; 
for  the  fly,  retaining  its  acquired  momentum,  drags  forward 
the  rest  of  the  machine,  aiding  the  impelling  power  of  the 
wheel.  It  does  this  by  all  the  communications  taking  into  each 
other  in  the  opposite  direction.  The  teeth  of  the  interven- 
ing wheels  are  heard  to  drop  from  their  former  contact  on 
one  side,  to  a  contact  on  the  other.  By  considering  this  pro- 
cess with  attention,  we  easily  perceive  that,  in  a  few  strokes, 
the  overplus  of  power  during  the  returning  stroke  comes  to 
be  so  adjusted  to  the  deflciency  during  the  working  stroke, 
that  the  accelerations  and  retardations  exactly  destroy  each 
other,  and  every  succeeding  stroke  is  made  with  the  same 
velocity,  and  an  equal  number  of  strokes  is  made  in  every 
succeeding  minute.  Thus  the  machine  acquires  a  general 
uniformity  with  periodical  inequalities.  It  is  plain,  that  by  suf- 
ficiently enlarging  either  the  diameter  or  the  weight  of  the  fly, 
the  irregularity  of  the  motion  may  be  rendered  as  small  as  we 
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please*  It  is  mudi  better  to  enlarge  the  diameter.  Tbl^ 
prcsenres  the  fnction  more  moderate^  and  the  pivot  wears 
kts.  For  these  reasons  a  fly  is  in  general  a  considerable  im* 
frorement  m  machinery^  by  equaling  many  exertions  that 
are  natorsny  rery  irregular,  liius^  a  man  working;  at  a  com-^ 
moQ  windlass  exerts  a  very  irregolar  pressure  on  the  winch. 
In  oae  of  his  positions,  in  each  turn  he  can  exert  a  force  of 
near  70  lbs.  wiUiont  fiitigne,  but  in  another  he  crninot  exert 
abore  25  lbs ;  nor  must  he  be  loaded  with  much  above  this 
m  general.  But  if  a  lai^  fly  be  connected  properly  with 
the  windlass,  he  will  act  with  equal  ease  and  speed  against 

aoibs* 

Ihw  rqplating  power  of  the  fly  is  without  bounds,  and 
nay  be  used  to  render  uniform  a  motion  produced  by  the 
most  desultory  and  irr^ular  power.  It  is  thus  that  the  most 
reguhff  motion  is  given  to  mills  that  are  driven  by  a  single-^ 
stroke  steam-engine,  where,  for  two,  or  even  three  seconds^ 
there  is  no  force  pressing  round  the  mill.  The  communica- 
tion IS  made  through  a  massive  fly  of  very  great  diameter, 
vUrfingwith  great  rapidity.  As  soon  as  the  impulse  ceases, 
fliefly,  contiiming' its  motion,  urges  round  the  whole  ma- 
^hmoy  with  almost  unabated  speed.  At  this  instant  all  the 
teilk,  and  all  the  joints,  between  the  fly  and  the  first  mover, 
are  heard  to  catch  in  the  opposite  direction. 

H  any  permanent  change  should  happen  in  the  impdling 
power^  €^  in  the  resistance,  the  fly  makes  no  obstacle  to  its 
pcodnctng  its  full  eifect  on  the  nmchine ;  and  it  wlU  be  observed 
to  aceekfste  or  retard  uniformly,  till  a  new  general  speed  is 
aciyiiicd  exactly  corresponding  mth  this  new  power  and 


Many  machines  include,  in  their  construction,  movements 
are   equivalent  with  this  intentional  regulator.     A 
floor  mill,  for  example,  cannot  be  better  regulated  than  by 
ka  mSt^tone ;  but  m  the  Albion  Mills,  a  heavy  fly  was  added 
with  great  propriety ;  for  if  the  mills  had  been  regulated  by 
their  miU-stones  only,  then,  at  every  change  of  stroke  in  tiie 
stcttm-eogiiie,  die  whole  train  of  communications  between 
Ae  beam,  which  is  the  first  mover,  and  the  regulating  mill^ 
stooe,  wbick  is  the  very  last  mover,  woidd  take  in  the  oppo- 
site dkectkm.    Altlioudli  eadi  drop  in  the  teeth  and  jcnnts 
be  but  a  trifle,  ^e  wkcSt,  added  together,  would  make  a  oon- 
ddeiaMejoh,    This  is  avoided  by  a  r^^tor  immediately 
a^oioii^tiie  beam.    This  oootiiuiaUy  presses  the  workmg 
warhmery  in  one  direction.    So  judicimwly  were  the  move- 
I  of  that  noble  marhi"^  contrived,  and  so  nicely  were 
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the  J  eicecQiftd,  tlmft  n^  the  least  noise  iMi  he«rd»  nor  thcr 
sU^^st  tvemor  felt  in  tb^  buUdtnu. 
.  Mr.  Vab>u^'»  beaulifo)  pile  engine^  ea^yed  al  W^stmiii- 
9ter  bridge^  is*  anothep  remarkable  inataoee'^  the  regalaluig 
pow«r  of  a  fija  Wlien  tbe  ram  i^  dropped,  and  ita  follower 
diaengaged  immadialely  f^Eter  il»  tbe  horses  would  iaflilaiilljr 
ta]id>fe  dowft>  because  the  load»  again^  which  they  had  been 
atramiiig  hard,  ia  aii  oAce  tidiea  off;  bul  the  gin  ia  connected 
nditk  a  very  large  fly,  trtibb  checks  any  ren^arkable  accdeca* 
(ion^  attowlng  the  hocaea  to  lean  on  it  during  the  dteaeeiii  o( 
the  load ;  after  wldek  ihw  drnugbt  reconraiencea  immedi- 
ately. The  apindlea,  cards,  and  bobbins,  of  a  cottoa  mUl» 
4m  a]30  a  sort  el  flfes.  Indeed^  all  bulky  machmea  of  the 
lotative  kind  lead  lo  pneaerve  their  motion  with  seme  degree 
of  sfceadineaa,  and  then  great  moaaentuni  of  inertda  ia  as  nae- 
ful  in  thia  reapeet  at  it  is  preju^cial  to  the  acceleoatien  or 
^y  reciprocafSoQ  when  wanted.  There  ia  another  kiiul  of 
regulatiag;  fly,  consteting  of  wiftga  whirled  bffiakly  sound, 
till  the  reaiatanee  of  tbe  air  prevents  any  great  aocetexatiea. 
Thia  ia  a  very  hod  one  for  a  working  machme,  for  it  producea 
its  effisct  by  tecMy  wmsting  a  part  of  tbe  moving  poweta. 
Fraquently  k  employa  a  very  great  and  imknowu  part  of  i^ 
^nd  cobs,  the  proprietor  of  much  work.  It  abould  nerer  be 
introduced  into  any  machine  enjoyed  in  mannCacturea. 

Some  rare  caaea  occur  where  a  very  different  regulator  ia 
ve^iuared :  where  a  certain  determined  velocity  ia  found  ne« 
eeaaary.  In  tUa  caae  the  machine  ia  finmidbed^  at  ita  ex^ 
tneme  naover,  with  a  conical  pendulum,  conaiating  of  two 
heavy.  baUa  banging  by  loda,  which  move  in  very  nice  ami 
ateady  points  at  the  U^  of  a  vertical  axis.  It  is  well  known, 
that  when  this  aaaa  tnma  round;  with  an  anguhw  vdocity 
auited  to  tbe  length  6i  those  pencMuma,  the  time  of  a;  revolu- 
tion ia  determined.  Thus,  if  the  length  of  each  pendnlam  be 
3O4.  inohea,  tfie  axb  will  make  a  revolution  in  two  aecmida 
lery  nearly.  If  we  attenmt  to  force  it  more  awifttr  vound^  the 
balia  wUL  recede  a  littfe  mm  the  axia,  but  it  employa.aa  long 
time  for  a  revolutioa  aa  befiore;  andwe  cannot  maloe  it  turn 
awi£ker^  unleaa  Ae  impeBing  pocrer  be  inoDeaacd  beyond  all 
poofattbility.;.iiL.whieh  case  &b  penduinm  will  fly  out  from  tiie 
eentie  tiU  the  roda  are  horizontal,  after  which  everr  increase 
of  noKirerwill  accelerate  the  machine  very  aensmp.  Watt 
ana  fioulton  have  applittd  tJda  contrivanee  with  great  inge* 
Buity  to  tiidr  ateaat^enginea,  wheii  they  are  employed  for 
ariving  madiineryitir  manu&eturea  which  have  a  verydiange* 
aida  reaiatanee,  and  where  a  certain  speed  oaimot  be  -niwob 
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itfuted  trota  witbimt  gteat  iooDttrenieiice.  Tliey  bare  ccni' 
Kctcd  this  reeem  cf  the  balls  from  the  axis  (iducb  gives  im- 
inniuli  indiaMliott  of  an  incfease  of  powe^  or  a  dmrnration 
d  lenstance)  with  the  oock  which  admits  the  steam  to  ther 
wtdaag  cvBirier.  'Hie  hdl%  %iiig  out,  cause  the  cock  tcT 
cioM  a  lit»e,  aod  diminssh  the  supply  of  stcAm.  The'  impel- 
Vmg  power  diminishes  the  next  monmnt^  and  the  balls  ajBfaifiT 
nmroadi  the  axis,  and  the  rotation  goes  on-  as  beme^ 
atmongh  there  may  haVT  (PetOfKA  a  very  great  excess  or 
defidency  of  powcsf  • 

A  ^  is  sometimes  employed  for  a  very  different  purpose 
from  Utat  of  a  regulator  of  motion — it  is  employed  as  a  col- 
Uctor  of  po/iver.    Suppose  all  resistance  removed  from  the 
working  point  of  a  machine  furnished  with  a  ver^  large  or 
heavy   fly  imme^tely*  connected  with  the  workuig  point. 
When  a  small  foVce  is  applied  to  the  impelled  point  of  this 
ttwrhine,  motion  wiQ  begm  in  the  machine  and  the  fly  begin 
to  torn.    Continue  to  press,  uniformly,  and  the  machine  will 
aeoeloate.   This  may  be  continued  till  th^  fly  has  acquired  a 
vety  Twmi  motion.    If  at  this  moment  a  resisting  body  be 
ap^Jfed  to  the  working  point,  it  will  be  acted  on  with  very 
Best  force ;  fat  the  fly  has  now  accumulated  in  its  circum- 
lemce  avely  mat  m^Mnentuiki^.    If  a  body  were  exposed 
■uwdinariy  to  &e  adton  of  this«  circumference,  it  ^tWld  be 
ffiofeBtly  fliruck.    Much  more*  wUl  it  b^  so^  if  the  body  be 
cjipu«<d  lo  the  action  of  the  working  poiat,  wliieh,  perhaps^ 
■MTta  one  turn  while  the  fly  makes  a  hundred.    It  will  exert 
a  hmdred  times  moihe  fdree  there  (verv  nearly)  tlian  at  its 
\  €Mcuarfeiqiea    MX  the  motion  which  has  been  aocn* 
[  on  the  fly  during  the  whole  progress  of  its  accumu-> 
pb  eBBeftcd  iii'«n  instant  aft  the  woiking  point,  mukipliad 
by  tiie  momeninm  defending  on  the  ptfo^ition  of  tiie  parts 
«f  tile  marine.    It  is  thus  Uiat'  the  coinings  press  permraui 
iU  office;  nay,  it  is  thus  that  the  blacksmith  toi^s  a  bar  of 
inm«    Svii^^m^  the  great  sledge  hammer  round  his  head, 
and  nq;iiiS  itwith  force  the  whole  way,  this  accumulated 
motion  im  at  onee  extinguished  by  impact  on  the  iron.    It 
b  tlMia  also  we  drivfe  a  nail,  &c.    This  accumulating  power , 
of  a  i^r  has  occasioned  many,  to  imagpuie  that  a  fly  really 
iddsjwwer  or  mechanical  force  to  an  ensine  \  and,  not  under- 
•taWmyon  wliat  its  efficacy  depends,  mey  often  place  the 
fly  in  a  ntaation  where  it  only  adds  ansdess  burden  to  the 
ftmekam.    It  sheidd  alwiqrs  be  made  to  move  with  rapidity. 
If  fBfniilfd  tor  a  mere  regulator^  it  should  be  near  the  first . 
mmtri  an4  if  it  be  intended  to  aecnmnhte  fioroe  in  the- 
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working  point,  it  shonld  not  be  far  separated  finom  it.  In  » 
certain  ^ense,  a  fly  may  be  said  to  add  power  to  a  machine^ 
because  by  accumolating  into  the  exertion  of  one  moment  the 
exertions  of  many,  we  can  sometimes  overcome  an  obstacle 
that  we  never  could  have  balanced  by  the  same  machine^ 
undded  by  the  fly.  And  it  is  this  accumulation  of  force 
which  gives  such  an  appearance  of  power  to  some  of  our 
first  nu>vers.  

ANIMAL  STRENGTH. 

A^iiMAL  stRENGtH  has  been  very  differently  estimated  by 
different  authors  5  but  this  is  not  to  be  wondered  at  when  we 
consider  the  many  difficulties  that  ever  must  attend  any 
attempt  to  subject  it  to  an  estimate.  Physical  causes  must 
sensiblv  affect  the  extent  and  duration  of  animal  exertion, 
either  in  man  or  beast ;  and  the  only  way  of  coming  to  any 
thing  like  an  accurate  result,  is  to  compare  the  experiments 
of  the  different  philosophers  who  have  attended  to  the  sub- 
ject. This  has  been  already  done  by  Dr.  Young,  in  the 
second  volume  of  his  Philosophy^  whose  valuable  tables  we 
here  present  to  our  readers. 

Comparative  table  of  mechanical  forcee. 

In  order  to  compare  the  difierent  estimates  of  the  force  of 
moving  powers,  it  will  be  convenient  to  take  a  unit  which 
mav  be  considered  as  the  mean  effect  of  the  labour  of  an 
active  man,  working  to  the  greatest  possible  advantage,  and 
without  impediment.  This  will  be  found,  on  a  nuMlerate 
estimation^  sufficient  to  ndse  lOpounds,  10  feet  in  a  second^ 
ibr  ten  hours  in  a  day  f  or  to  raise  a  100  pounds,  which  is  the 
weight  of  twelve  wine  gallons  of  water,  one  foot  in  a  second, 
or  36,600  feet  in  a  day ;  or  3,600,000  pounds,  or  439,000 
giUouB,  one  foot  in  a  day.  This  we  may  call  a  force  oione 
continued  36,000^' 

Immediate  force  of  men,  without  deduction  for  friction. 

A  man,  weighing  133  pounds,  Fr.  ascended  62  feet,  Fr. 
by  steps,  in  34",  bitt  was  oomptetftly  exhaust^— 
Amontons   .  .•• . •  v. . . .  .>.. . .^.-.^ •  ^•- ....•••.••  .^ 

A  sawyer  made  200  strokes  of  IS  inches,  Fr,  each,  io 
145'',  with  a  force  of  25  pounds,  Fr.  He  could  not  hare 
gone  on  abore  three  minutes. — AmontoM 

A  man  can  raise  60  pounds,  F^.  one  foot,  Fr.  in  1",  for 
eiglit  hours  a  da^.p--BemouiUi .....^.^ 69        8^    \  fi^ 

A  man  of  .ordmary  strength  can  turn  a  winch  with  a 
force  of  30  pnnnds,  and  with  ■  relooity  of  3|  feet  in  I'', 
'     10  hours  a  day.— OesagnUm  , 1,0ft      10*      1,05 
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1  wOT^ing  at  a  viadUss  with  faaadlei  at  right 
«I^H^  OB  nmm  70  pounds  more  eaail/  than  one  can 

oiK  3»w— Detagiifiera 

A  aun  can  exert  a  force  of  40  pounds  (or  a  whole  da^ 
wtt  the  awiitaare^f  a  fly,  when  the  motion  b  pretW  qaicf 
«  shoot  Ibvr  or  five  fe^  in  I''. — Desagnliers,  Lect  iv. 
Ba  tern  the  annota^n  it  sppears  to  be  doabtfnl  whether 

tfe  farce  is  40  pounds  or  20    ••. 

far  a  iliort  time  a  ofian  may  exert  s  force  of  80  pomids 
wtk  a  l^»  **  when  the  motion  is  pretty  quick."— Desa- 

pdktm    

A  man  going  up  stairs  sscends  14  metres  in  I'. — Con- 


I: 


A  man  going  op  stairs  for  aday  raises  205  chiliogrammes 

IsdK  hdght  of  a  chiliometre.— Coulomb 

WiA  a  spade  a  man  does  }f  as  much  ss  in  sscendiag 


Wkh  aviadbai 


does  f  ss  much'ss  in  ascending 


A  mem  canyiag  wood  up  stsirs  raises,  topther  with 
his  ova  weight,  109  chiliogrammes  to  one  cbiliometre. — 


A  ■»■  pirighiBg  150  pounds,  Fr.  can  ascend  by 
tew  leet.  Vr.  iaT''  for  15"  or  20".-Coulomb  . . . . . 


stairs 


Far  half  an  liour,  100  pounds,  Fr.  msy  be  raised  one 

iMt^Fc  in  r'.^Coulomb 

Aeeofdfa^  to  ifr.  Buchanan's  comparison,  the  force 
cKtted  in  toning  a  winch  being  made  equal  to  the  unit, 
te  fane  ia  pnm^ng  will  be 

laiBgiBW 

laivrav  

AflDwii^  Ihe  accurscy  of  Eater's  formula,  confirmed  by 
SiWae,  auppoaiDg  a  man's  ac^n  to  be  a  maximum  when 
he  walks  ^  miles  an  hour,  we  hare  7i  for  hb  grestest 
f,  JHHi — v)*  for  the  force  exerted  with  any  othei* 
'  jk\€9(7i—vy  for  the  sction  in  esch  case ; 
I  Ike  rdoaty  is  one  mile  an  hoar,  the  action  is 
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And  the  force  in  a  state  of  rest  becomes  2^,  or  about 
70  pounds ;  with  a  velocitv  of  two  niiles,  36  pounds ;  with 
tiffee,  24 pounds;  and  with  four^  15. 

It  ii  obrious  that  in  the  extreme  cases  this  formula  is  in- 
aoeorate,  but  for  moderate  velocities  it  is  probably  a  tolerable 
spproxiiDation. 

Coulomb   makes  the  maximum  of  efiEect  when  a  man, 

weiglangJO  chiliogranmies^  carries  a  weight  of  53  up  stairs, 

hat  tbiB  appears  to  be  too  great  a  load ;  he  considers  145 

ddlwgmDmeB  as  the  greatest  weight  that   can  be  raised. 

HecSterveB  that  in  Martinique^  where  the  thermometer  is 

uUom  below  68^,  the  labour  of  Europeans  is  reduced  to  one 

half. 
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Harriot  asserts  that  his  pump,  with  a  horizontal  motion, 
enables  a  man  to  do  one-third  more  work  than  Uie  common 
pump  with  a  vertical  motion. 

Portew  carry  from  aOO  to  300  pounds  *tthe  wte  of  three 
miles  an  hour ;  chairmen  walk  four  miles  an  hour  with  a  load 
of  150  pounds  each;  and  it  is  said  that  in  Turkey  there  are 
porters  who,  by  stooping  forward,  carry  from  yOO  to  900 
poui^ds  placed  very  low  on  their  backs. 

The  .most  advantageous  weight  for  a  man  of  common 
strength  to  carry  horisEontally,  is  IJl  pou^d3 ;  or  If  he  returns 
unladen,  185.  With  wheel-barrows,  men  will  do  half  as 
much  more  work  as  with  hods.— Coulomb. 


Performance  of  men  by  machines^ 


A  man  raised  by  a  rope  and  paUey  85  pounds,  Fr.  220 
ISsat,  Fr.  in  US^'.^-Amontons r • 

A  man  can  raise,  by  a  good  common  pump,  a<hogshe 
of  water  10  feet  bigh  in  a  nunute,  for  a  whole  day.^ 
)[)e8aguliers 

By  the  mercurial  pump,  or  any  other  good  pump,  a  m 
may  raise  a  hogshead  18  or  20  feet  in  a  minute,  for  one 
yor  two  minutes •• 

In  a  pile  engine,  55^  pounds,  Fr.  were  rakad  tftut  foot^ 
Fr.  in  1''  for  five  hours  a  day,  by  a  rope  drawn -horison-^ 
lallr. — Coulomb ••• 

Robison  says,  that  a  feeble  old  man  raised  seven-cubic 
ifeet  of  water,  11§  feet  in  1',  for  eight  or  ten  hours  a  day, 
by  walUng  backwards  and  forwards  on  a  lever. — Enc*  Br, 

A  young  man  weighing  135  pounds,  and  carrying  30, 
Raised  9^  cubic  feet,  11^  feet  high,  for  10  hours  a  day, 
without  fetigue. — ^Robison    

Wvnner's  machine  enables  a  man  to  raise  a  4iogsliead  90 
.  feet  in  a  minute.— Y.. .. • 


Force  of  horses. 

Two  horses,  attached  to  p.  plough  on  mode^pate  erouikl» 
egwrted  ^ach  a  force  of  150,  Fr.-^Amontons.  We  may 
suppose  that  they  went  a  little  more  than  two  miles  an 
liour,  for  eight  hours ^ 

A  horse  draws  with  U^  greatqiit  adnmMige^hen  the  line 
of  direction  is  level  with  his  biepist ;  apd  he  can  draw  with 
a  force  of  200  pounds,  2§  miles  an  hour,  for  eight  hours 
In  the  day 

With  a  force  of  240  only  six  hoi^rs.    On  a  carriage,  JM 
deed,  where  friction  alone  Is  to  be  overcome;  a  middliiig 
horse  will  draw  1000  pounds. — Desaguliers 

The  mean  draught  of  four  horses  was  36  4nyriogrammes 
each,  or  794  poui^s. — Reg;nier.  This  must  have  .been  ipo- 
mentary.  Supposing  the  velocity  two  feet  in  a  second,  the; 
action  would  have  been 

By  means  of  pumps  a  horse  can  false  250  hogsheads  of 
water,  10  feet  high,  m  an  hour. — Smeaton's  Reports   . . 
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AfaicM  can  in^peneial  ^w  no  more  }if  a  steep  hill  thua 
tee  mea^am  cwry;  that  Sa»  from  460  to  7M  doiukIb  ^  but 
AitN^g  homt  can  draw  200Qpoiiiid8  up  a  steep  hiU^  ^i^di^  ja 
tatdiMt.  Tke  wont  way  of  w|^ijrkig  tbeli>reeof  ahorse^ia 
l»  make  him  carry  or  idraw  up  fam ;  for  if  the  UU  be  steej^ 
tfeMevoi  Witt  do  more  than  a  barsei  each  tiiaii  etiwiMng  up 
ftaterwitii  a  burden  of  100  pounds  wdgllt,  tiban  a  borfe  thft 
ji  Itsdfid  widi  800  pounds :  a  difference  wludi  is  owing  to 
ibft  position  of  the  parts  of  the  human  bodjr  bang  better 
idMjtA  to  climb  than  those  of  a  horse. 

On  Che  other  hand,  ike  best  way  of  applying  the  force  of 
a  bone,  is  an  horizontal  direction,  wherein  a  man  can  exert 
kast  foice ;  thus  a  siaa,  weighing  140  pounds^  and  drawing 
a  boai  aloog,  by  meims  of  a  rope  coming  OTer  his  shoulder^ 
caaoot  thaw  abore  27  pounds,  or  exert  above  one-seventh 
|trt  <tf  the  force  of  a  horse  employed  to  the  same  purpose. 

The  very  best  and  most  effectual  posture  in  a  man  is  that 
of  rmrkig;  whereiii  he  not  only  acts  ivith  more  muscles  at 
oooe  for  overcoming  the  resistance  than  in  amr  other  position* 
bvtaa  be  patis  backwards,  the  weight  of  his  body  astafists  by 
war  of  lever. — Desaguliers* 

The  diameter  of  a  walk  fi>r  a  horse-mill  ou^ttobeat  least 
%  or  90  feet.--<^£>esaguiiei8. 

Smut  horses  have  carried  6S0  or  JOO  pounds,  seven  or 
<^  snles,  without  resting,  as  their  ordinary  work ;  and  a 
me  at  Stourbridge  carriMi  deven  hundred  weight  of  iton^ 
ar  1232  pounds,  for  eight  miles.*-— Deai^guliers,  Eaperimeniol 
PkU$9^fkjfy  vol.  i. 


fPork  of  muks. 


-^-     ContU      Day's 
■^''*^  MMmoe.  «rork. 


CMftad  Rft»  tWC  a  molt  woHu  ia  Cfat  West  Indks  tuo 
kowi  9tX  of  akoot  18*  iritfa  a  ibree  q#  aboat  150  pounds, 
vilkiig  dure  leet  in  a  Becoad.— Dr.  Young's  PfUlotophy  4,5      2*  4D<   1^ 

Thtae  examples  exhibit  the  great  advantages  wbkh  may 
ke  gained  by  directing  the  exertion  of  animals  in  a  proper 
coane,  their  e£Escts  beingplalnly  reducible  to  the  c^Mrations 
ef  ntchamcal  powers.  To  describe  the  various  modes  of 
spplying  animal  strength,  as  a  first  mover  of  mechanical  ea^- 
pM,  woold  greatly  exceed  our  limits ;  we  rfidUL  Ihenefore 
a>er^  state,  that  the  naost  common  machine  for  receiving 
As  farce  of  aninials  ia  the  horsC'-walk,  wfaichafinds  the  means 
of  tpplyhg  the  action  of  that  animal  to  create  eotalive  motirnu  ^ 
'Ae  bgfie-walk  is  formed  of  an  horizontal  laver  or  an% 
>ttBckd  to  a«  uprigki  spindle.    The  lever  shouU  not  be  ksi 
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than  twelve  feet^  as  the  Uibour  of  the  animal  k  greatly  in- 
ereased  by  a  small  curve^  which  causes  an  unequal  resistance 
upon  his  two  shoulders.  The  machine  should  be  so  r^;ulated 
tiiat  the  horse  may  not  be  required  to  deviate  from  his  usual 
pace  of  two  miles  and  a  half,  with  a  burthen,  an  hour.  The 
gnres,  in  which  the  horse  works,  should  not  be  imqiovably 
fijced  to  the  arms,  but  hung  by  a  swivel  joint,  so  that  he 
may  place  himself  in  the  most  comfortable  position.  The 
work  should  be  supplied  to  the  machinery  as  regularly  as 
possible. 

Having,  in  the  preceding  account,  stated  the  mean  results 
of  human  exertion  when  applied  to  regular  and  uniform 
labour,  we  shall  in  the  next  place  proceed  to  notice  some 
extraordinary  feats  of  strength,  as  well  as  some  that,  had  the 
appearance  of  being  such,  but  idiich  were,  in  reality,  the 
mere  effect^  of  contrivance  and  skill,  and  which  might  have 
been  performed  by  almost  any  men  who  were  possessed 
of  that  knowledge  of  theirconstruction  as  would  enable  them 
similarly  to  exert  their  strength  to  the  best  advantage. 
.  M.  de  la  Hire,  in  an  Examination  of  the  Farce  qf  Men^ 
(vide  Memoirs  of  the  Academy  of  Sciences  for  1699,)  says, 
^  There  are  men  whose  spirits  flow  so  abundantly  into  ti^ir 
muscles,  that  they  exert  three  or  four  times  more  straigth 
than  others  do ;  and  this  seems  to  be  the  natural  reason  of 
the  surprising  strength  that  we  see  in  some  men  who  carry 
and  raise  weights  which  two  or  three  ordinary  men  c^n 
bartfly  sustain,  though  these  men  be  sometimes  but  of  .a 
moderate  stature,  and  rather  appear  weak  than  strongt 
There  was  a  man  in  this  country  a  little  while  ago,  who 
woyld  parry  a  very  large  anvil,  and  of  whom  was  reported 
several  wonderful  feats  of  strength.  But  I  saw  another  at 
Venice,  who  was  but  a  lad,  and  did  not  seem  able  to  carry 
above  lorty  or  fifty  pounds,  with  all  possible  advantages;  yet 
this  young  fellow,  standing  upon  a  table,  raised  from  the 
earth,  and  sustained  off  the  ground,  an  ass,  by  means  of  a 
broad  girth,  which,  going  under  the  creature's  belly,  was  hung 
upon  two  hooks  that  were  fastened  to  a  plat  of  smal^  cor(£ 
eoming  down  in  tresses  from  the  luur  on  each  side  of  the 
lad's  head,  which  were  in  no  great  quantity.  And  all  this 
great  force  depended  only  upon  the  muscles  of  the  shoufders 
/and  those  of  the  loins :  for  he  stooped  at  first  whilst  the 
hooks  were  fastened  to  the  girth,  and  then  raised  himself,  and 
lifted  up  the  ass  from  the  ground,  bearing  with  his  bands 
upon  his  knees.  He  raised  also  in  the  same  manner  other 
freights  that  seemed  heavier,  and  used  to  say  he  did  with 
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raoce  ease,  httmme  tlie  ass  kicked  and  struggled  when  first 
fifted  from  the  grotind." 

Dr.  Desagokers^  in  some  annotations  upon  De  la  Hire's 
paper,  says^  f^  What  he  attributes  here  to  the  muscles  of  the 
hmSf  were  really  performed  by  the  extensors  of  the  legs  3  for 
|be  young  man's  stooping  with  his  hands  upon  his  knees  was 
not  with  his  body  forwards  and  his  knees  stiff,  but  his  body 
upright  and  his  Imees  bent,  so  as  to  bring  the  two  cords  with 
which  he  lifted  to  be  in  the  same  plane  with  his  ancles  and 
tlie  heads  of  his  thigh-bones ;  by  which  means  the  4ine  of 
4icection  of  the  man  and  the  whole  wei^t  came  between  the 
stiDQgest  part  of  his  two  feet,  which  are  the  supports :  then 
9B  he  extended  his  legs  he  raised  himself,  without  changing 
the  line  of  direction.  That  this  must  have  been  the  manner 
I  am  pretty  well  assured  of,  by  not  only  obsenring  those  that 
yerkmn  such  feats,  but  having  often  tried  it  myself.  As  for 
the  muscles  of  the  loins,  they  are  incapable  of  that  strain, 
beiog  above  six  times  weisker  than  the  extensors  of  the  legs; 
at  least  I  found  them  so  in  myself. 

^Aboot  the  year  1716,  having  the  honour  of  showing  a 
;  many  experiments  to  his  li^  majesty  King  George  I., 


r. 


imjopfy  was  desirous  to  know  whether  there  were  any 
Uacy  in  those  feats  of  strength  that  had  been  shown  half 
a  year  before  by  a  man,  who  seemed  by  his  make  to  be  no 
itoDger  than  other  men:  upon  this  I  had  a  frame  of  wood 
mijr  to  stand  in,  (and  to  rest  my  hands  upon,)  and  with  a 
dbdle  and  chain  lilted  an  iron  cylinder,  made  use  of  to  roll 
ue  i^ardeu,  sustaining  it  easilv  when  once  it  was  up.  Some 
nobJ^men  and  gentlemen  who  were  present  tried  the  ex- 
periment afterwards,  and  lifted  the  roller;  some  with  more 
ease,  and  some  with  more  difficulty,  than  I  had  done.  This 
roller  wei^-Led  1^900  pounds,  as  the  gardener  told  us. 
AftenrajdB  1  tried  to  lift  300  poimds  with  my  hands,  (viz., 
two  paals  with  150  pounds  of  quicksilver  in  each,)  which 
I  did  indeed  raise  from  the  ground,  but  strained  my  back 
60  as  to  feel  it  three  or  four  days ;  which  shows  that,  in  the 
samie  person,  the  mu^olea  of  the  loins  (which  exerted  their 
force  in  ililg  hist  experiment)  are  more  than  six  times 
weaker  than  the  cLxtensors  of  the  legs;  for  I  felt  no  incon- 
jememy  from  raising  the  iron  roller.*' 

Dwhg  the  lime  that  Dr.  Desaffuliers  was  occupied  m 
printmg  the  second  volume  of  his  Philosophy,  a  man  of  great 
natuiiJ  Etrejigth  exliiblted  himself  in  London^  of  whom  the 
/ixnar  gives  the  foUowing  accounts 
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**  Themu  Popham,  hom  in  London,  Midttvtr  fflKiat  tMity* 
one  years  of  age,  five  feet  ten  inches  higih  with  mveoles  ^erf 
hard  and  proDMBeat,  was  brought  up  Jt  eu^ater^  which  tride 
lie  practtsed  tiU  within  tiiese  six  «r  seviMi  yeara  that  be  bat 
flowed  feats  of  strength;  but  be  k  entirely  ignorsBt  of  any 
art  to  make  Ins  j(breng&  more  •surprishig.  Nay,  somatfoNt 
be  does  things  wlaeb  beeome  moiv  difficult  kj  his  iMsadvaa- 
tageous  situatbn;  attempting,  and  often  doing,  what  he  benrs 
ptoer  steong  meu  bare  done,  witbont  -making  use  of  the  mmt 
advafl(bage«. 

^^Abrot  six  years  ago  he  puikd  against  a  horse,  sittMtg  upon 
tiie  ground  witfi  his  ¥tet  against  two  stumps  driven  i^  ^e 
gnmod,  but  without  tbe  adrantages  wideh  might  haire  been 
attained  by  phidng  himself  in  a  proper  situation;  the  herse, 
howevnr,  waa  not  able  to  movie  him,  and  he  thought  he  was 
in  the  right  posture  for  drawing  against  a  borse;  but  when, 
in  the  same  postuise,  he  attempted  to  draw  affainst  two  horses, 
he  was  pulled  out  of  his  place  by  being  lifted  up,  and  bad 
one  of  his  knees  struck  against;  the  ^umps,  wbich  shattered 
it  so,  that,  even  to  this  day,  the  paiellay  or  knee-pan,  is  so 
loose,  tliat  the  ligaments  ^  it  seem  either  to  be  broken  Gt 
quite  relaxed,  whicb  has  taken  away  most  of  tiie  strength  of 

Dr.  Desaguliers  then  relates  the  exploits  wbich  be  s^w  Um 
perform. 

^^  1.  Bf  the  flftreogth  of  his  fingers,  (only  nibbed  in  coel 
ashes  to  present  them  froni  slipping,)  be  rolled  up  a  yery 
strong  and  large  pewter  dish. 

^  2.  He  broke  seven  or  eight  short  and  strong  fneces  of 
tobacco-pipe  with  the  force  of  his  mid^  finger,  having  bid 
them  on  the  first  and  third  finger. 

^'  S.  Having  thrust  in  under  his  garter  the  bowl  of  a  strong 
tobacco-pipe,  his  legs  being  bent,  he  broke  it  to  pieces  by  the 
tendons  of  his  bams,  without  altering  the  bending  of  his  knee. 

^  4.  He  broke  such  another  bowl  between  bis  first  and 
second  finger,  by  pressing  his  fingers  togetlier  sideways. 

^  6.  He  lifted  a  table  six  feet  long,  which  had  half  a  hundred 
weight  banging  at  the  end  of  it,  with  bis  teeth^  and  held  it  in 
an  horixontal  position  for  a  considerable  time.  It  is  true, 
the  feet  of  the  table  rested  agafaist  his  knee»;  but,  as  iht 
length  of  the  table  was  much  greater  than  its  height,  that 
performanee  requtted  a  great  strength  to  be  exerted  by  the 
muscles  of  his  Ims,  Itiose  of  Ids  nedi ,  the  fna$9eter  imd  temr 
poraly  (muscles  of  the  jaws^)  besides  a  good  set  of  teeth. 
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^<.  He  tool^^nijQm  lutchra  feit^,  nboutit  yardJopg,  and 
tMe  ivIjAs  in  cttvomfereoee^  ^xkd,  boldii^  it  in  his  right 
Itmtd,  he  iitnick  uppu  bis  b^ie  1^  amn,  hetmeea  the  cUk^w 
«id  tlie  ^prilii,  Utt)i9  be9t  tbe  poter  P^rly  to  a  ri^t  angle. 

^  7.  He  toqkim4i«MM^b^po)^)^  AndMding  the  eiMis  of  it 
ki  Uj^  him]9»  9Pd  tbe  middte  agabaft  the  bade  of  bis  neck^  he 
hiPK^  Ifplk  .ends  of  :k  t^i^^er  bofoce  biui;  and^  what  was 
yet  igre  Miff  rnjt>  jie  pidlpd  At  rfmosiatg^ht  again :  because 
the  mwdes wJ^'/iq^anKte  th^^ems  htmwmy  from  each 
•Ifaer  are  i«Bt  saatrovg  as  ^hase  tfmt  bring  tfiem  i^ 

'<  (3.  Uebff9ke.af^)$i  jof  ib^mt  two  wobes  in^cumference^ 
i4uck  waa  ia  pert  wwnd  about  ja  eg^rlioder  of  four  inches 
ftieirtrr,  baring  iMtoied  the  o&er  end  /of  it  to  straps  that 
wmt  «fer  bis  dioaUers.  But  he  cgoerted  more  force  to  do 
this  tbap  wqr  other  of  bis  floats,  from  bis  awki^andness  in 
going  about  it;  for  the  rope  vieUed  and  8tr^4:faed  as  be  stood 
apoBlhe  q^ii^to^  so  Jtfiat  wiiep  the  eat^nsors  of  the  logs  and 
Hag^  bad  dtwe  their  office  m  bringvag  bis  legs  and  thighs 
ila^ghl,  be  wa^  farced  M>  rMse  bis  heels  from  their  bearings, 
sad  nae  otber  masdes  4hat  are  inwaker*  But  if  the  rope  hid 
htm  ao  fi^d  that  the  sope  to  be  bi^aten  bad  been  ^ort,  it 
aeal4  bave  been  broken  Jvfith  fonr  iin^i  less  difficulty. 

^  Q.  I  ba^e  seen  bim  lilt  a  cottiag  stone  of  about  800 
poMda  ariitb  his  bands  ^nly,  standing  in  a  frame  above  it, 
«Mltal9^b(^Qfa^^iabthatwas6NAf^  By  this, 

I  reckon,  he  may  be  ahnost  as  stsoag  again  as  those  who 
s^  gsaeraUy  reekoaed  the  strongest  men,  they  generally 
V6ng  no  more  ihm  400  paHnos  in  that  maaner.  The 
wcahsnt  men  irbo  ase  in  bsMdth,  and  not  too  fat,  lift  about 
136  Moods,  havimg  about  half  the  atmis^  of  the  sUrongesit. 

^  N.  B.  This  sort  of  comparison  is  chiefly  in  idationto  the 
wimfhn  ci  the  loins;  beesiise  in  idoiag  this,  oae  mart  8to<q» 
fefwavds  a  Uttle.  We  must  also  add  tbe  weight  of  the  body 
la  tba  wvif^  lifted.  So  thai  if  the  wediest  man's  body 
wmAB  160  pounds,  Ihal,  «ddad  io  185  pounds,  mak^  the 
arMevogbtjyAadbirhisi  lobe  97ipowds.  Then,  if  the 
stmag^  mm'u  body  wflu;bs  also  Iw  pounds,  tiie  whole 
~  filted  by  bka  will  te  ahsiuig60  pounds,  that  is  400 
iMd  tbe  IM  Munds  Fbich  his  body  weighs.  Top- 
waiabs  about  9D0  pounds^  i^iich,  added  to  tbe  800 
pooMb  tiat  hfi  lifts,  mskas  liQOO  pounds.  Bat  he  ought  to 
mk  MO  pcnands  boiides  the  areigbt  of  his  body,  to  be  as 
again  as  a  amp  nf  IfiDpoupids  weif^t  who  can  lift 


^Mnds. 
^  Ateait«hir|y  yaaaagD,Aiie  Jlo^  man,  famous 
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for  his  great  strength,  showed  several  feats  iq  London  and  Che 
country,  which  so  much  surprised  the  spectators,  that  he  was' 
by  most  people  called  the  second  Sanqfson.  But  though 
the  postures  which  he  had  learnt  to  put  his  body  into,  and 
found  out  by  practice,  without  any  mechanical  theory,  were 
such  as  wbiud  make  a  man  of  common  strength  do  such  feats 
as  would  appear  surprising  to  every  one  who  did  not  know 
the  advantage  of  those  positions  of  the  body,  yet  nobody 
then  attempted  to  draw  agafaist  horses,  or  raise  great  weights, 
or  to  do  any  thing  in  imitation  of  Mm:  because,  as  he  was 
very  strong  in  the  arms,  and  grasped  those  that  tried  his 
strength  that  way  so  hard  that  they  were  obliged  immediately 
•  to  desire  him  to  desist,  his  other  feats  (wherem  his  manner  oif 
acting  was  chiefly  owing  to  the  mechanical  advantage  gained 
by  the  position  of  his  body,)  were  entirely  attributed  to  his 
extraordinary  strength. 

<^  But  when  he  hi^  been  gone  out  of  England,  orliad  ceased 
to  show  bis  performances,  for  eight  or  ten  years,  men  of 
ordinary  strength  had  found  out  the  way  oi  making  such 
advantage  of  the  same  postures  as  Joyce  had  put  himself  intO) 
as  to  pass  for  men  of  more  than  common  strength,  by  draw- 
ing against  horses,  breaking  ropes,  lifting  vast  weights,  &c., 
though  they  could  in  none  of  tne  postures  really  perform  so 
much  as  Jvyce,  yet  they  did  enough  to  amaze  and  amuse, 
and  get  a  deal  of  money,  so  that  every  two  or  three  years  We 
had  a  new  second  Sampson. 

<^  About  fifteen  years  ago  a  German  of  middle  size,  and  but 
ordinary  strength,  showed  himself  at  the  Bltie  PostSy  in  the 
Haymarket,  and,  by  the  contrivances  above-mentioned,  passed 
for  a  man  o^unconunon  strength,  and  gained  considerable  sums 
of  money  by  the  daily  concourse  of  spectators.  After  having 
seen  him  once,  I  guessed  at  his  manner  of  imposing  upon  Uie 
multitude;  and  being  resolved  to  be  fully  satisfied  in  the 
matter,  I  took  four  verv  curious  persons  vrith  me  to  see  him 
again,  viz.,  the  Lord  Marquis  of  TuUibardin,  Dr.  Alexander 
Smart,  Dr  Pringle,  and  a  mechanical  workman  who  used  to 
assist  me  in  my  courses  of  experiments.  We  placed  our^ 
selves  in  liuch  manner  round  the  operator,  as  to  be  able  to 
observe  nicely  all  that  he  did;  and  found  it  so  practicable, 
that  we  performed  several  of  his  feats  that  evening  by  our- 
selves, and  afterwards  I  did  tiie  most  of  the  rest,  as  1  had  a 
frame  to  sit  in  to  draw,  and  another  to  stand  in  and  lift 
weights,  together  with  a  proper  girdle  and  hooks.  I  likewise 
showed  some  of  the  experiments  before  the  Royal  Sode^f  $ 
and  ever  since,,  at  my  experimental  lectures,  I  explldn  tbo  * 
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le&son  .of  such  pevfonuances,  and  take  any  person  of  ordinary 
^Uengtb  that  has  a  mind  to  try,  who  can  eafiUy  do  all  that  the 
German  aboTe-mentioned  used  to  dp,  without  any  danger  or 
eactraordinary  straining,  by  making  use  of  my  apparatus  for 
tbat^  purpose. 

^  In  <Mcder  to  explain  how  great  feats  may  be  performed  by 
anoi  of  no  eztiaoniinary  strength,  I  hare  in  fig.  79^  drawn 
tiie  lower  part  of  a  skeleton,  containing  so  many  of  the  bones 
«€  tbe  human  body  as  are  concerned  in  these  operations, 
making  the  figure  pretty  large,  to  show  the  better  how  the 
girdle  b  to  be  applied. 

^  Tbe  bones  marked  I S  A  PH  I,*  which  compose  the  cavity 
called  the  pelris,  contain  a  bony  circle  or  double  arch  of  such 
fltieogtb,  that  it  would  require  an  immense  force  to  break 
them  by  an  external  pessure  directed  towards  the  centre  of 
the  circle,  or  the  middle  of  the  pelvis,  x  It  is  also  to  be 
obsarved,  that  those  parts  (rfthis  bony  circumference,  which 
leceive  the  beads  of  the  thij^-bone  above,  at,  and  below  A, 
called  the  ischium  or  coxendix,  are  the  strongest  of  all,  so 
that  a  very  great  force  may  push  the  heads  of  the  thigh-bones 
iqiwards,  or,  which  is  the  same  thing,  the  bpper  parts  of  the 
coraidix  downwards,  or  towards  each  other  in  a  lateral 
iirectioQ  firom  A  to  A,  without  doing  any  hurt  to  the  human 
body. 

^  Now  if  the  girdle  above  described  be  put  round  the  body 
in  tiie  manner  represented  in  the  figure,  and  be  drawn  down- 
wards at  G,  by  a  great  weight  W,  it  will  press  on  the  os 
sacrum  behind,  and  the  ilium;  then  it  will,  by  its  pressure  on 
TT,  tbe  great  trochanters  of  tiie  thigh-bones,  draw  the  round 
heads  the  Caster  into  their  sockets,  so  as  to  make  them  less 
liable  to  dip  out  and  strain  the  li^unent  by  a  push  directed 
upwards.  So  that  the  semicircular  part  of  the  gircUe,TCSCT, 
presses  together  the  bony  arch  denoted  by  tbe  same  letters, 
which,  aooording  to  the  nature  of  arches,  is  the  stronger  for 
that  pressure.  The  abutments  of  the  arch  cannot  come 
neater  tqrether  by  reasoii  of  the  resistance  of  the  strong 
booes  Ar  A,  neiUier  can  they  fly  outwards,  because  the 
girdle  keeps  them  tc^ether.  Then  the  thighs  and  legs  T  D  B 
are  two  strong  columns,  citable  of  sustaining  4000  or  5000 

*  These  bones  are  thus  distinguished  by  anatomists :  S^  the  os  sacrum; 
lly&e  fliom;  A  A^  the  os  ischium;  whose  strongest  part  has  on  each  side 
aa  heiBiphencal  concaTe,  in  which  the  round  head  of  the  thigh-bone  is 
noefved  and  turns  round,  being  held  by  a  strong  ligament  in  its  middle ; 
these  nuts  of  the  bone  that  join  to^pether  before,  Netwixt  A  A  and  abore  P, 
are  catted  the  os  pubis,  or  ossa  gubu . 
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poundB  at  leasts  provided  tiiey  stand  quite  UfRight.  The 
muBolefe  here  are  pot  tx>  no  stmio,  beings  no  farther  ootieemed 
than  to  bhlsDce  each  other;  that  is,  the  antagoniM  muselefl^ 
exieBson^  and  flexon^  only  keep  the  bonea  isk  their  plae6, 
which  makes  them  resist  like  one  entire  bone  formed  into  anf 
arch. 

^  lliid  dhowa  how  easily  the  man,  fig.  8(^  ttayauBtain  a 
oainoii  of  2000  or  3600  ponnda  weight.  The  s)imer  sifdtttiw 
will  also  serve  fbr  the  reaatoDOe  of  Ae  maa,  fig^Sl,  i^ow 
five  men,  nay  tea  men,^  ar  twahixraee,  cannot  p^  out  of  hitf 
situation  when  he  sits  so  as  to  have  his  legs  aad  tbigli6'  in 
Ae  horiaODtal  line  P  Fy  or  ib  a  liae  itidining  dowi^nrMs 
towards  A,  for  then,  though  there  ia  a  dtff^euce  in  the  sitlkig 
posture  from  the  aCanding.  posture  before  deseribed,^  yet  by 
reason  of  tiie  moUU^  of  tto  beads  of  the  (btgli-boaes  in' the 
acetabula  or  cavities  ci  the-  co^oendix,  the  arch  is^  the  sabiel 
and  aa  strong  aa  before,  its  abvitments  being  equally  ebp- 
ported  by  the  \0^  and  thighs*  It  is  only  the  bending'  of  the 
back-bone  abo^e  the  ^dte  to  bring  up  the  body  whleh  roake^ 
die  difference  of  position  in  the  man,  though  not  sentiMy  inf 
tiie  resisting  partg^ 

<<  In  breaking  a'  tope  the  mnsd^s  must  aetin  extemttng  the 
lege;  and  that  we  may  the  bettierexphin-tlAt  action,  we  muse 
consider  a  man  breaking  the  rope^  as  repik^sented  in  fig.  ^.' 
Suppose  k  rape*  fiistened^  to  a^  poet  at  P,  or  akiy  other-  filled 
pomt,  ia  brought  thvdugl^  9ak  iron  eye  L^  to  the  hook  of  the 
girdle  Hy  ol  t^e  man  H  I>  and  so  fixM  to  it  by  a  loc^;  or 
otherwise,  a»  to  Ue  quite  tight,  whilst  the  man's  kneea  are  so 
bended  as  to  want  about  an  inch  of  having  his  legfs  and 
tbigha  <pdte  upright.  Then  if  the  man  on  a  sudden  stretches 
hia  legs  and  sets  himself  upright^  he  will  with  ease  break  the 
very  same  rope  whiob  held  two  horsea  exciting  theb  wboM 
strength  when  they  drew  i^iaat  him;  such  as  a  cart  rope, 
or  a  rope  of  neitar  three  q>iiaitera  of  an  ineh  diameter,  which 
may  be  braben  by  a  man  of  middUing  strength,-  by  the  adkHi 
of  tile  ten  musdea*  that  esctend  the  legs,  five  bekmgk^  to 
each  leg. 

*  The  four  muscles  that  extend  each  leg  are  described  bv  anttomlsts 
Aqs*:— 1 .  The  rectus,  arising  froHS  the  anterkk  inferior  spine  or  the  os  iiitud, 
and  inserted,  through  the  medium  of  the  patella,  into  the  antanor  tuberosttjr 
6(  the  tibia.  2.  The  cruralis,  sitnated  beneath  Uie  former^  and  arisng  fiom 
the  front  surface  of  the  os  fsmoris  fyt  a  considerable  extent,  and  inserted 
into  the  upper  edge  of  the  pafelta,  and  also,  thitmgh  the  medium  of  that  bone^ 
into  the  anterior  tAbero^tjrof  the  tibia.  3.  The  vastus  extemus,  arising  fibia 
the  roct  of  the  ttbchaitter  major,  and  tmter  side  of  die  os  femori^  ahd  in^^ 
lerted  iqto  the  outer  edge  of  the  patella,  andiagatn,  dsough  its  meniiai,  into 
the  anterior  tuberosity  of  the  tibia.  4.  The  vastus  intemus,  which  arises  from 
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^labreiddngr  Oe  rope  one  thing  ib  to  be  observed,  which 

ir3  mxtA  fieicttitate  the  performanee;  ani thait  iB,  to  place  the 

mm  eye  L,  tkrough  which  the  rope  goes,  in  such  a  situation, 

iial  a  plane  going  through  its  ring  sibdil  be  parallel,  or  nearly 

panllel  to  the  two  paits  of  the  rope;  because  then  the  rope 

wffl  m  a  numner  be  jammed  in  it,  and  not  slipping  through 

il^  tfte  whole  force  of  die  man's  action  will  be  exerted  on 

that  part  of  the  rope  which  is  m  tl^e  eye,  which  will  nu^e  it 

break  more  easily  than  if  more  parts  of  the  rope  were  acted 

iipei».    So  that  the  eye,  though  made  round  and  smooth,  may 

be  said  in  some  measnre  to  cut  the  rope.    And  it  is  after  thi» 

manner  thai  one  may  break  a  whip-cord,  nay,  a  small  jack* 

ftie,  with  one's  lumd,  without  hurting  it;  only  by  bringing 

one  pait  of  the  rope  to  cut  the  other  ^  that  is,  placing  it  so 

round  one's  left  hand,  that,  by  a  sudden  jerk,  the  whok  force 

exeited  shall  act  upon  one  point  oTthe  rope.    See  fig.  88^ 

where  the  cord  to  be  broken  at  the  point  h  in  tibe  left  hand^ 

k  markedF  according  to  ifts  course,  by  the  letters  R  T  S  L  M 

N  O  F  Q,  folding  once  about  the  right  hand,  the»  going  under 

the  thumb  into  the  middle  of  the  left  hand ;  where  crossing 

vttder  another  part,  it  is  brought  back  under  the  tfaumb^  again 

%oM,  then  round  ^e  back  <n  the  hand  to  N,  so  through  the 

Vm»  at  L  to-  O,  and  three  times  round  the  little  finger  at  P 

ud  Q;  which  last  »  only  that  the  loop  NO  may  not  give 

way.    Before  the  hands  are  jerked  from  one  another,  the  left 

hand  must  be  shut,  but  the  tiiumb  must  be  held  hxise,  lest 

pressng  against  the  fore  &»ger  it  should  hinder  the  part  T  li 

of  the  rope  from  carrying  the  force  fhfty  to  the  point  L;  but 

the  little  finger  and  that  next  to  it  must-  be  held  hard,  to 

keep  the  loop  N  O  firm  in  its  place. 

'^  There  are  several  cases,  wherein  it  would  be  of  singular 
use  to  apply  the  force  of  one  or  more  men,  by  means  of  the 
girdle  or  nook  and  chain,  in  the  manner  above-mentioned ; 
as  far  exaunple,  when  the  resistance  is  very  great,  but  the 
bodies  that  resist  are  to  be  removed  but  a  little  way :  if  we 
Hft  very  heavy  goods  a  small  height,  to  remove  any  thing  firom 
ondcr  them;  if  we  would  draw  a  lx>lt  or  staple,  and  fmd  we 
cannot  do  it  even  with  an  iron  crow,  the  hand  pulling  it 
upwiftls  aft  the  end ;  tJieBtbe  hook  .of  the  girdle  being  applied 
at  the  end  of  the  crow,  the  force  exerted  by  stretching  the 
legs  would  be  tenfold  of  what  the  faanda  were  aUe  to  do, 
wUhoQt  HKire  bei|>  at  tiie  same  place. 
'^Ttore  may  also  be  many  occamons  on  board  a  ship.  I  will  ' 

die  root  of  the  troch2Lxiter  minor,  and  inner  surftce  of  the  os  femoris,  and 
iBMrted  iaUs^e  totieredge  of  the  patella^  and  likewtue,  trough  its  medium, 
iMo  tbe  aaterior  tuberosity  of  the  tibia  with  the.  former  muscles. 


Digitized 


by  Google 


\ 
64  THB  OPBRATIVA  MECHANIC 

instance  but  one.  Let  P  G,  fig.  84,  be  the  tackle  for  raidmg 
or  lowering  the  main-top-mast,  part  of  which  iis  represented 
by  m  1,  771 2;  the  block  G  is  fixed  below,  and  as  the  block  F 
comes  down,  it  pulls  along  with  it  the  top  rope  F  B  C,  m  1 
runuiug  over  the  block  B,  fixed  at  A,  and  round  the  block  C 
in  the  heel  of  the  top-mast,  so  as  to  draw  up  the  lower  end 
m  1  of  the  said  main-top-mast,  which,  when  hoisted  up  to  its 
due  height,  is  made  fast  by  the  iron  pin  or  fid  I,  which  is 
thrust  through  it,  and  then  its  own  weight  and  the  hole  D  of 
the  cap  Will  keep  it  in  its  place.  We  will  suppose  that  the 
force  required  thus  to  raise  the  mast  must  be  that  of  six  men 
pulling  upon  deck  at  the  fall  of  the  tackle,  that  is,  at  the 
running  rope  F  G  K  at  K  on  the  other  side  of  the  main-mast 
L  /.  Now  in  order  to  let  down  this  mast  on  the  sudden,  as 
in  case  of  hard  weather,  it  is  necessary  the  tackle  and  power 
must  be  made  use  of,  though  it  be  but  to  lift  it  a  very  little 
way,  that  a  man  may  be  able  to  get  out  the  fid  I,  before  the 
said  mast  can  be  let  down  and  slip  to  N  on  the  side  of  the 
main-mast.  I  say,  that  if  the  hands  are  so  employed  other- 
wise, that  instead  of  six  men  there  be  only  one  roan  at  the 
rope  K;  iif  he  has  a  strong  girdle  to  which  he  fastens  it,  or 
makes  a  bow  in  the  rope  itself,  to  fix  it  round  the  lower  part 
of  his  back,  &c.,  he  may  exert  much  more  force  in  the  direc^^ 
tion  G  K  than  Uie  six  men  in  the  common  way  of  pulling; 
and  if  he  draws  to  him,  sitting  on  the  ground,  and  pushing 
his  feet  against  the  first  firm  obstacle  that  he  finds,  as  against 
O  P,  only  two  inches  of  the  rope  G  K,  he  will  raise  up  the 
main-top-mast  the  third  part  of  an  inch,  which  will  be  suffi- 
cient for  the  iron  fid  I  to  be  drawn  out."  Desag^ers' 
Philosophy,  vol.  i. 

WATER-MILLS. 

Watbr-mill  is  the  name  by  which  all  mills  are  designated 
that  receive  their  motion  from  the  impulse  of  the  water. 
As  each  of  these  mills  will  «ome  under  their  respective  heads, 
we  shall,  in  the  present  article,  confine  ourselves  to  a  minute 
description  of  the  different  kinds  of  water-wheels,  by  whose 
axis  the  force  with  which  they  have  been  impressed  may  be 
transmitted  to  move  any  species  of  machinery,  however  simple 
or  complex. 

But,  notwithstanding  the  extensive  signification  oi  the 
term  water-mill  when  applied  to  the  different  branches  ci 
loannfacture  carried  on  therein,  we  have  another,  and  still 
mqre  simple  division,  arising  from  the  peculiar  construction 
nt.  the  water-wheel,  termed  the  undershot-mill,  the  overshot- 
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mjU,  md  the  breast-mill.  There  is  also  another  called  the  mill 
with  horizontal  wheels ;  but  as  this  is  very  disadvantageous 
in  poiBt  of  practical  utility,  we  shall  forbear  to  describe  it. 
The  undenhot'wheel  is  used  only  in  streams,  and  is  acted 
1^  by  the  water  striking  the  float-boards  at  the  lower 
arcumference  of  the  wheeL  In  the  overshot-whed  the  water 
ii  poured  over  the  top  of  the  wheel,  and  is  received  in  buckets 
fonned  all  round  the  wheel  for  that  purpose.  And  in  the 
bnast'wkeel  the  water  falls  down  upon  the  wheel  at  right 
^es  to  the  float-boards,  or  buckets  placed  round  the 
drcoinference  of  the  wheel  to  receive  it. 

UNI>£RSU0t-WH££LS. 

Ml.  JoHK  Smsaton  has  made  immerous  experiments  upon 
the  different  kinds  of  water-wheels,  the  results  of  which  were 
laid  before  the  Royal  Society.  The  time  that  has  elapsed 
wace  the  period  wlren  they  were  first  given  to  the  world,  has 
been  sufficient  to  prove  their  fallacy,  if  any  had  existed ;  and 
the  high  estimation  in  which  they  still  continue  to  be  held  by 
iDiitheDiaticians  and  mechanics,  is  certain  evidence  of  their 
valne  and  importance. 

Mr.  Smeaton  prefaces  a  minute  description  of  the  machines 
^  models  used  by  him  for  his  experiments,  with  an  observ- 
tai,  that  what  he  has  to  communicate  on  the  subject  was 
<>%inaUy  deduced  from  experiments,  which  he  lodes  upon 
as  iht  best  means  of  obtaming  the  outlines  in  mechamcal 
inquiry.  "  But  in  such  cases,"  says  he, "  it  is  very  necessary 
to  diMinguiah  the  circumstances  in  which  a  model  differs 
from  a  machine  in  large;  otherwise  a  model  is  more  apt  to 
Ifiad  Qs  from  the  truth  than  towards  it:  and,  indeed,  though 
the  utmost  circumspection  be  used  in  this  way,  the  best 
structure  of  machines  cannot  be  fiiUy  ascertained  but  by 
making  trials  with  them,  when  made  of  their  proper  size. 
U  WIS  for  this  reason,  though  the  models  and  experiments 
reCenred  to  were  made  in  the  years  1752  and  17^3,  that  I 
have  deferred  offering  them  to  the  Society  until  I  had  an 
opportunity  of  putting  the  deductions  made  therefrom  in  real 
pfueticey  in  a  variety  of  cases,  and  for  various  purposes,  so  as 
to  be  able  to  assure  the  Society  that  /  have  found  them  to 
answer.*' 

Mr.  SmeatoD  then  remarks,  that  the  word  jehmc;^,  as  used  in 
pnctkal  mechanics,  signifies  the  exertion  of  strength,  gra- 
▼iUOioD,  impulse,  or  pressure,  so  as  to  produce  motion :  and 
b?  means  of  strength,  gravitation,  impulse,  or  pressure,  com- 
pounded with  motion,  to  be  capable  of  producing  an  effect . 
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and  that  no  effect  is  properly  mechanical^  but  what  requires 
such  a  kind  of  power  to  produce  it. 

Having  described  the  models  and  machines  used  for  making 
his  experiments,  he  observes  that  with  regard  to  power y  it  is 
most  properly  measured  by  the  raising  of  a  weight,  the 
relative  height  to  which  it  can  be  raised  in  a  given  time 
being  the  actual  extent ;  or,  in  other  words,  if  the  weight 
raised  be  multiplied  by  the  height  to  which  it  can  be  raised 
in  a  given  time,  the  product  is  the  measure  of  the  power 
raising  it;  and,  consequently,  all  those  powers  are  equal, 
whose  products,  made  by  such  multipUcation,  are  the  same : 
for  if  a  power  can  raise  twice  the  weight  to  the  same  height, 
or  the  same  weight  to  twice  the  height,  in  the  same  time 
diat  another  power  can,  the  first  power  is  double  the  second; 
but  if  the  power  can  only  rmse  half  the  weight  to  double  the 
height,  or  double  the  weight  to  half  the  height,  in  the  same 
time  that  another  can,  those  two  powei^  are  equal.  This, 
however,  must  be  understood  to  be  only  in  cases  of  slow  and 
equable  motion,  where  there  is  no  acceleration  or  retardation. 

In  comparing  the  effects  produced  by  water-wheels  with 
the  powers  producing  them,  or,  in  omer  words,  to  know 
what  part  of  the  original  power  is  necessarily  lost  in  the 
Implication,  we  must  previously  know  how  much  of  the  power 
is  spent  in  overcoming  the  friction  of  the  machinery  and  the 
resistance  of  the  air;  also,  what  is  the  real  velocity  of  the 
water  at  the  instant  that  it  strikes  the  wheel,  and  the  real 
quantity  of  water  expended  in  a  given  time. 

From  the  velocity  of  the  water  at  the  instant  that  it  strikes 
the  wheel,  the  height  of  head  productive  of  such  velocity 
can  be  deduced,  from  ackno^edged  and  ^^erimented  prin- 
ciples of  hydrostatics:  so  that^'by  multiplying  the  quantity 
or  weight  of  water  really  expended  in  a  given  time,  by  the 
height  of  a  head  so  obta^d,  which  must  be  considered  as 
the  height  from  which  that  weight  of  water  had  descended 
in  such  given  time,  we  shall  have  a  product  equal  to  the 
or^^al  power  of  the  water,  and  clear  of  all  uncertainty  that 
would  arise  from  the  friction  of  the  water,  in  passing  small 
i^ertures,  and  from  all  doubts  arising  f^m  the  cSffierent 
measure  of  i^uting  waters,  assigned  by  diflferent  writers. 

On  the  other  hand,  if  the  sum  of  the  weights  raised  by  the 
action  of  this  water,  and  of  the  weight  required  to  overcome 
the  friction  and  resistance  of  the  machine,  be  multiplied  by  the 
height  to  which  the  weight  can  be  raised  in  the  time  given, 
the  product  will  be  equal  to  the  effect  of  that  power;  and 
the  proportion  of  the  two  products  will  be  in  proportion  of 
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Ae  po9ver  to  the  ^ect :  so  that  by  loading  the  wheel  with 
Aierent  weights  successively,  we  shall  be  able  to  detennine 
at  what  particular  load,  and  velocity  of  the  wheel,  the  effect 
ii  a  nuuTfiimm. 

The  ezperimeDts  made  by  Mr.  Smeaton  may  thus  be 
reduced.  The  drcumference  of  the  wheel,  ^b  inches,  mul^ 
tiplied  by  86  turns,  g^ves  6450  mches  for  the  velocity  of  the 
water  in  a  minute;  Vr  of  which  will  be  the  velocity  in  a 
aecQod,  ^qiud  to  107^  inches,  or  8.96  feet,  which  is  due  to  a 
head  of  lo  inches;  and  this  we  call  the  virtual  or  q^ecHve 
heed.  The  area  of  the  head  being  105.8  inches,  this  mul- 
ti(died  by  the  weight  of  water  of  the  cubic  inch,  equal  tb 
the  decimal  5/9  of  the  ounce  avoirdupois,  gives  61.26  ounces 
tor  the  weight  of  as  much  water  as  b  contained  in  the  head, 
i^on  one  inch  in  depth,  iV  of  which  is  3.83  pounds;  this 
multiplied  by  the  depth  21  inches,  gives  80.4o  pounds  for 
the  value  of  12  strokes;  and  by  proportion,  39^  (the  number 
made  in  a  minute)  will  give  264./  pounds,  the  weight  of  water 
enended  in  a  minute. 

Now  as  264.7  pounds  of  water  may  be  considered  as  having 
descended  through  a  space  of  15  inches  in  a  minute,  the 
frodoct  of  these  two  numbers  3970  will  express  the  power 
of  the  water  to  produce  mechanical  effects;  which  were  as 
fcOows: 

The  vdocity.of  the  wheel  at  the  maximum^  as  appears 
above,  was  30  turns  -a  minute ;  which  multiplied  by  nine 
inches,  the  circumference  of  the  cylinder,  makes  270  inches; 
hot  as  the  scale  was  hung  by  a  jpuUey  and  double  line,  the 
wdght  was  only  raised  half  of  this,  viz.  135  inches. 

^  lb,     ox. 

The  weight  in  the  scale  at  the  maximum  . .  8    — 

TTie  weight  of  tne  scale  and  pulley —    10 

The  counterweight,  scale,  and  puUey   ...  *  —   12 

Sum  of  the  resistance . .    9      6 


Or  pounds . .     9575 

Now  as9.875  pounds  is  raised  135  inches,  these  two  numbers 
htmg  multiplied  together,  the  product  is  1266,  which  ex- 
pi^esKS  the  effect  produced  at  a  maximum;  so  that  tiie  pro- 
pottioQ  of  the  power  to  the  effect  is  as  3970 :  1266,  or  as 
10:3.18. 

But  thou^  this  is  the  greatest  single  effect  producible 
from  the  power  mentioned,  by  the  impulse  of  the  water  upon 
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an  undershot- wheel ;  yet,  as  the  whole  power  of  the  water  id 
not  exhausted  by  it,  this  will  not  be  the  true  ratio  between 
the  power  of  the  water,  and  the  sum  of  all  the  effects  pro- 
ducible therefrom ;  for,  as  the  water  must  necessarily  leave 
the  wheel  with  a  velocity  equal  to  the  wheel's  circumference, 
it  is  plain  some  part  of  the  power  of  the  water  must  remain 
after  qiutting  the  wheel. 

The  velocity  of  the  wheel  at  the  maximum  is  30  turns  a 
minute;  and  consequently  its  circumference  moves  at  the 
rate  of  3.123  feet  a  second,  which  answers  to  a  head  of  1.82 
inches;  this  being  multiplied  by  the  expense  of  water  in  a 
minute,  viz.  264.7  pounds  pn>duces  481  for  the  power 
remaining  in  the  water  after  it  has  passed  the  wheel :  this 
being  therefore  deducted  from  the  original  power  3.970, 
leaves  3.489,  which  is  that  part  of  the  power  spent  in  pro- 
ducing the  effect  1266;  and,  consequently,  the  part  of  the 
power  spent  in  producing  the  effect,  is  to  the  greatest 
effect  that  it  produces  as  3489  :  1266  :  :  10  :  3.62,  or  as 

11  to  4. 

The  velocity  of  the  water  striking  the  wheel  has  been 
determined  to  be  equal  to  86  circumferences  of  the  wheel  per 
minute,  and  the  velocity  of  the  wheel  at  the  maximum  to  be 
30 ;  the  velocity  of  the  water  will  therefore  be  to  that  of  the 
wheel  as  86  to  30,  or  as  10  to  3.6,  or  as  20  to  7. 

The  load  at  the  maximum  has  been  sho^yn  to  be  equal  to 
nine  pounds  six  ounces^  and  the  wheel  ceased  moving  with 

12  pounds  in  the  scale:  to  which  if  the  weight  of  the  scale 
be  added,  viz.  10  ounces,  the  proportion  wUl  be  nearly  as 
3  to  4  between  the  load  at  the  maximum  and  that  by 
which  the  wheel  is  stopped. 

It  is  somewhat  remarkable,  that  though  the  velocity  of  the 
wheel  in  relation  to  the  water  turns  out  greater  than  i  of  the 
velocity  of  the  water,  yet  the  impulse  of  the  water  in  the 
case  of  a  maximum  is  more  than  double  of  what  is  assigned 
by  theory*  that  is,  instead  of  ^  of  the  colunm,  it  is  nearly- 
equal  to  the  whole  column. 

It  must  be  remembered,  therefore,  that,  in  the  present 
case,  the  wheel  was  not  placed  in  an  open  river,  where  the 
natural  current,  after  it  has  communicated  its  impulse  to  the 
float,  has  room  on  all  sides  to  escape,  as  the  theory  supposes; 
but  in  a  conduit  or  race,  to  which  the  float  is  adapted, 
the  water  cannot  otherwise  escape  than  by  moving  along 
with  the  wheel.  It  is  observable,  that  a  wheel  working  in 
this  manner,  so  soon  as  the  water  meets  the  float,  receives  a 
sudden  check,  and  rises  up  against  the  float,  like  a  wave  again^ 
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n  fixed  object;  insomuch^  that  when  a  bLeet  of  water  is  not 
a  quarter  of  an  inch  thick  before  it  meets  the  floaty  yet  this 
sheet  will  act  upon  the  whole  surfoce  of  a  float  whose  height 
is  three  inches ;  and,  consequently,  were  the  float  no  higher 
than  the  thickness  of  the  sheet  of  water,  as  the  theory  also 
supposes,  a  great  part  of  the  force  woiild  have  been  lost  by 
the  water  ds^hing  over  the  float. 

Mr.  Smeaton  next  proceeds  to  give  tables  of  the  velocities 
of  wheels  with  different  heights  of  water ;  and  from  the  whole 
deduces  the  following  concluskms. 

Maxim  1.  That  the  virtual  or  effective  head  of  water,  and 
consequently  its  e£9uent  velocity,  being  the  same,  the  me- 
dianiod  effect  produced  by  a  wheel  actuated  by  this  water 
will  be  nearly  in  proportion  to  the  quantity  of  water  expended. 

Note^ — ^The  virtual  or  effective  head  of  any  water  which  is 
moving  with  a  certain  velocity,  is  that  height  from  which  a 
heavy  bodv  must  foil,  in  order  to  acquire  the  same  velocity. 

Tbe  height  of  the  virtual  head,  therefore,  may  be  easily 
detennined  from  the  velocity  of  Uie  water;  for  the  heights 
are  as  the  square  of  the  velocities,  and  the  velocities,  conse- 
quently, as  the  square  roots  of  the  heights.  Mr.  Smeaton 
observed  the  velocity  of  the  effluent  water  in  all  his  experi- 
DieDts,  and  thence  calculated  the  virtual  head:  he  states,  that 
tbe  nrtoal  head  bears  no  proportion  to  the  real  head  or  depth 
of  water ;  but  that  when  either  the  aperture  is  greater,  or 
nhcn  the  velocity  of  the  water  issuing  therefrom  less,  they 
approach  nearer  to  a  coincidence ;  and  consequently,  in  the 
large  openings  of  mills  or  sluices,  where  great  quantities  of 
water  are  discharged  from  moderate  heads,  the  actual  head 
of  water,  and  the  virtual  head,  as  detennined  by  theory  from 
tbe  velocity,  will  nearly  agree. 

For  example  of  the  application  of  his  first  maxim.  Suppose 
a  min  driven  by  a  fall  of  water  whose  virtual  head  is  five  feet, 
and  which  discharged  550  cubic  feet  of  water  per  minute, 
and  that  it  is  capable  of  grinding  four  bushels  of  wheat  in 
an  hour.  Now  another  imll,  having  the  same  virtual  head, 
but  which  discharges  1100  cubic  feet  of  water  per  minute, 
will  grind  eight  bushels  of  com  in  an  hour. 

Maxim  2.  That  the  expense  of  water  being  the  same,  the 
eflfect  produced  by  an  undershot-wheel  will  be  neariy  in  pro- 
portion to  the  height  of  the  virtual  or  effective  head.  This  is 
proved  in  the  preceding  example. 

Maxim  3.  That  the  quantity  of  water  expended  being  the 
Bune,  de  effect  will  be  nearly  as  .the  square  of  the  velocity  of 
the  water;  that  is,  if  a  mill  driven  by  a  certain  quantity  of 
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water^  moving  with  the  velocity  of  18  feet  per  second^  is 
capable  of  grinding  four  bushels  of  com  in  an  hour^  another 
miil^  driven  by  the  same  quantity  of  water^  but  moving  with 
the  velocity  of  22^  feet  per  second^  will  grind  nearly  seven 
bushels  of  com  in  an  hour;  because  the  square  of  18  is  324^ 
and  the  sqtare  of  29^  is  306^.  Now^  say^  as  324  is  to  4 
bushels,  so  is  506}  to  6k  bushels;  that  is  as  4  to  6^. 

MoJtim  4.  The  aperture  through  which  the  water  issues 
being  the  same^  the  effect  will  be  nearly  as  the  cube  of  the 
velocity  of  the  water  issuing;  that  is,  if  a  mill  driven  bv  water 
rushing  through  a  certain  aperture  wiUi  the  velocity  o/l8  feet 
per  second  wm  grind  four  bushels  of  com  in  an  hour,  another 
mill,  driven  by  water  moving  through  the  same  aperture,  but 
with  the  velocity  of  22^  feet  per  second,  will  grind  ol  bushels  ; 
for  the  cube  of  18  is  6832,  and  ihe  cube  of  22^  is  11390}; 
then  as  5832  is  to  4,  so  is  il390|  to  7f- 

Maxim  5.  The  proportions  between  the  power  of  the 
wator  expended,  and  the  efiect  produced  by  the  wheel,  were 
3  to  i«  Upon  comparing  sevmd  experiments,  Mr.  Smea- 
ion  fixed  the  proportions  between  them  for  larse  wotks; 
that  is,  it  the  weight  of  tiie  wnter  which  is  expended  in  any 
given  time  be  multiplied  by  the  beieht  of  the  ndl,  and  if  the 
weight  raised  be  also  multiplied  by  tine  height  dirough  which 
it  is  raised,  the  first  of  these  two  products  will  be  three  times 
that  of  the  second. 

Maxim  6*  The  best  general  proportions  of  velocities  be- 
tween the  water  and  the  floats  of  the  wheels  will  be  that  of 
5  to  2;  for  instance,  if  the  water  when  it  strikes  the 
wheel  moves  with  a  velocity  of  18  feet  per  second,  the  wheel 
must  be  so  loaded  that  its  float-boards  will  move  with  a 
velocity  of  7-2  feet  per  second,  and  the  wheel  will  then 
derive  the  greatest  ppwer  from  the  water,  because  as  5  to 
18,  so  is  2  to  7-2. 

Maxim  7*  There  is  no  certain  ratio  between  the  load  that 
the  wheel  will  carry  when  producing  its  maximum  of  efiect^ 
and  the  load  that  will  totally  stop  it;  but  it  approaches 
nearest  to  the  ratio  of  4  to  3,  wnenever  the  power  ex- 
erted by  the  wheel  is  greatest,  whether  it  arise  from  an 
increase  of  the  velocity,  or  from  an  increased  quantity  oi 
water;  and  this  proportion  seems  to  be  the  most  applicable 
to  large  works.  But  when  we  know  the  effect  which  a  wheel 
ought  to  produce,  and  the  velocity  it  ou^ht  to  move  with 
whilst  producing  that  effect,  the  exact  mowledge  of  the 
greatest  load  it  will  be^  is  of  very  littlp  consequence  in 
practice. 
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Maxmi  8,  The  load  that  the  wheel  ought  to  have,  in  order 
to  work  to  the  most  advantage,  can  be  always  assigned  thus : 
iscertain  the  power  of  the  whole  body  of  water,  by  miiltiply- 
ia^  the  weight  of  the  water  expended  in  a  minute  by  the 
hei^t  of  the  fail ;  take  one*third  of  the  produrt,  and  it  givee 
the  effect  of  power  which  the  wheel  ought  to  produce :  to 
find  the  load,  we  must  divide  this  product  by  liie  velocity 
wiiidi  the  wheel  should  have,  and  uiat,  as  we  have  before 
settled,  should  be  two^fifths  of  the  vdodty  with  which  the 
water  moves  when  it  strikes  the  wheel. 

In  the  applicaticm  of  these  pnneiples  the  first  thing  to 
be  done  in  a  situation  wherje  au  undershot-wheel  is  intended 
to  be  fixed,  is  to  consider  whether  the  water  can  run 
off  dear  from  the  wheel, '  so  as  to  have  no  back-water  to 
impede  its  motion;  and  whether  the  fall  which  can  be 
obtained  by  constructing  a  proper  dam  to  pen  up  the 
water,  and  sluice  for  it  to  pass  through,  will  cause  it  to 
strike  the  float-boitfds  of  the  wheel  with  sufficient  velocity 
to  in^iel  them  forcibly  forwards;  and  also,  whether  the 
quantity  of  the  supply  will  be  suffident  to  keep  a  wheel 
at  wOTk  for  a  certain  number  of  hours  each  day. 

When  we  have  ascerluned  the  height  of  the  fall  of  water, 
dot  is  the  height  of  the  surface  above  the  centre  of  the 
opmii^  of  the  sluice,  we  must  find  what  will  be  the  con* 
tmoal  velocity  of  the  water  issuing  from  such  opening. 

In  some  cases,  we  have  the  velocity  of  the  water  g^ven 
vhen  it  issues  from  the  opening  of  the  sluice,  and  we 
then  require  to  know  what  hdght  of  column  will  pro* 
duce  that  velocity.  These  two  things  we  may  find  by  a 
Hngle  rule,  and  an  easy  arithmetical  operation,  which  is  as 
lollowa: 

1st.  The  perpendicular  height  oi  the  &11  of  water  being 
pren  in  feet  and  decimals  of  feet,  the  velodty  that  the  water 
win  acquire  per  second,  expressed  in  feet  and  decimals,  may 
be  found  by  the  following  rule : 

Multiply  the  constant  number  64.2882  by  the  given 
height,  and  the  square  root  of  the  product  is  the  velocity 
required. 

ExampU  1.  If  the  height  is  two  feet,  the  velodty  wiU  be 
found  1L34  feet  per  second. 

ExampU  2.  If  the  height  is  16X)913  feet,  the  velodty 
will  be  32.1826  feet  per  second. 

Example  3.    If  the  height  b  50  feet,  the  velocity  will  be 
56.68  feet  per  second. 
NoU. — ^Tbe  vdocities  thus  obtained  will  6e  only  the  tbeo* 
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retic  velocity ;  that  is,  the  velocity  any  body  would  acquire 
by  falitng  through  such  height  in  vacuo;  the  velocity  in 
reality  will  be  less,  generaUy  six  or  seven  tenths. 

The  uniform  velocity  of  a  fluid  being  given,  expressed  in 
feet  and  decimals  of  feet  per  second,  the  hei^t  of  the  column 
or  fisdl  to  produce  such  a  velocity  may  be  found  by  the 
following  rule : 

Multiply  ^eriven  velocity  into  itself,  and  divide  the 
product  by  64^2882;  the  quotient  will  be  the  height  required, 
expressed  in  feet  and  decimals. 

Example  I.  If  the  velocity  given  is  three  feet  per  second, 
the  height  will  be  0.139  of  a  foot. 

Example  2.  If  the  velocity  given  is  32.1826  feet  per 
second,  the  height  will  be  found  ld.0913  feet. 

Example  3.  Let  the  velocity  be  100  feet  per  second, 
the  height  will  be  155.694  feet. 

The  knowledge  of  the  foregoing  particulars  is  absolutely 
necessary  for  constructing  an  undershot  water-wheel;  but  the 
most  advantageous  method  of  setting  it  to  work,  and  to  find 
out  tlie  utmost  it  could  perform,  would  be  very  diflBcult,  if 
we  were  not  furnished  with  the  maximum  which  Mr.  Smeaton 
settled,  by  showing,  that  an  undershot  water-wheel  will  act 
to  the  greatest  advantage  when  the  velocity  of  its  float-boards 
is  equal  to  two-fifths  of  four-tenth  parts  of  that  of  the  water 
which  gives  it  motion. 

Lambert's  water-wheel. 

In  1819,  Mr.  Lambert,  of  Prince's-street,  Leicester-square, 
obtained  a  patent  for  an  improvement  in  the  water-wheel, 
which  he  thus  describes : 

"  My  improved  water-wheel,  as  shown  in  figs.  85,  86,  and 
87;  represents  the  paddles  standing  in  a  vertical  position  to 
the  surface  of  the  water  through  which  they  are  to  pass,  and 
in  whatever  situation  or  direction  the  wheel  either  rests  or 
moves,  the  paddles  preserve  the  same  vertical  position. 
The  great  advantage  derived  from  the  paddles  of  a  water- 
wheel  entering  and  quitting  the  water  through  which  such 
wheel  revolves  in  a  perpendicular  direction,  has  long  been 
admitted  to  be  a  most  important  and  desirable  measure  in 
that  class  of  water-wheels  known  and  called  by  engineers 
iindershot- wheels,  cither  for  water-mills  or  for  navigable  pur 
poses.  The  benefit  of  working  the  paddles  of  such  wheels 
in  a  vertical  position  is  not  only  the  superior  hold  and  pressure 
which  the  water  takes  on  the  paddles  or  floats  of  such  wheels. 
))ul  the  very  little  back-water  which  they  create  on  leaving 
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it  The  principle  of  this  improvement  is  to  make  the  lower 
pftddles  recede  from  the  centre  of  the  axle  and  to  the  arms 
to  which  they  are  attached^  while  the  upper  paddles  proceed 
to  the  centre  of  the  axle  in  equal  distances  as  the  others 
recede;  and  in  the  rotation  of  the  wheel,  every  paddle  passes 
through  the  various  evolutions  and  positions  to  which  every 
Tevohrtion  of  the  wheel  subjects  each  paddle.  The  lower 
paddles  describe  a  greater  radius  of  a  circle  than  the  upper 
paddles,  and  thereby  travel  at  an  increased  velocity,  or  rather 
they  pass  at  their  extreme  points  through  a  greater  space  in 
the  same  period  of  time;  this  effect  renders  the  lower  half  of 
the  wheel  heavier  than  ^e  upper,  by  the  eccentric  position 
of  the  paddles,  and  the  flat  ring  oi  iron  to  which  they  are 
attadied,  and  it  also  increases  the  speed  of  any  navigable 
body  through  the  water  to  which  such  wheels  are  applied. 

Figs.  85, 86,  and  87^  are  views  of  my  improved  wheel  with 
one  paddle,  as  in  fig.  85,  at  its  greatest  depth  in  the  water; 
B,  B,  B,  B,  is  one  of  the  iron  arm  frames  to  which  one  end  of 
the  paddles  C,  C,  C,  C,  C,  C,  are  attached  by  the  joint-pins 
D,  D,  D,  D,  D,  D,  to  the  arm  frames  B,  B;  B,  B.  E  £  is  the 
hi  iron  ring  or  eccentric  circle,  to  which  the  other  ends  of 
tbK  paddles  are  attached  by  similar  joint-pins  F,F,  F,  F,  F,  F. 
GG,  are  the  iron  guard  or  guide-rollers,  a  section  of  one  of 
vfcidi  is  shown  at  fig.  88,  which  may  either  revolve  on  fixed 
axles,  or  these  rollers  may  be  fixed  on  revolving  axles,  which- 
€Ter  is  most  convenient.  The  object  of  these  rollers  is,  to 
keep  the  iron  circle  £  £  in  its  proper  situation,  which  is  an 
equd  distant  position  fix>m  the  centre  of  the  wheel-shaft  in  a 
bngitodipal  direction,  and  eccentric  in  a  vertical  position  to  the 
shiA  A«  These  rollers  must  be  placed  apart  from  each  other, 
a  distance  exactly  equal  to  the  diameter  of  the  iron  circle 
EE^  cooseqaently  the  rollers  GG  must  be  placed  in  a  line 
thnmgfa  the  centre  of  the  circle  £  £  and  which  will  allow 
tUs  cbde  to  rub  and  give  motion  to  the  rollers  G  G,  at  the 
•peed  it  revolves.  The  circle  £  £,  forms  an  eccentric  course, 
while  k  nibs  on  every  part  of  its  periphery  against  the  rollers 
G  G.  This  circle  £  £  may  be  formed  with  teeth  like  the  rim 
of  a  cog-wheel,  and  in  that  case  the  rollers  G  G  may  either 
ooe  or  both  of  them  be  formed  into  spur  pinions  to  fit  the 
teeth  of  the  circle  £  £,  which  would  be  a  quick  and  simple 
mode  for  my  improved  water-wheel  to  work  machinery.  I 
sonietimes  use  two  flat,  hardened  steel  springs,  as  shown  in 
fig*  89,  instead  of  the  rollers  G  G,  to  keep  the  circle  £  £  in 
(M  pvoper  place;  and  in  certain  situations  they  will  be  found 
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to  answer  very  well.    Great  care  must  be  taken  to  make  the 

joint  pin-holes  in  the  iron  frames  B,  B^  B,  B^  exactly  an  equal 

distance  apart  from  each  other;  and  it  must  also  be  observed 

in  fierdag  or  drilling  the  joint  pin-hdes  in  the  circle  EE, 

that  they  correspond  with  the  holes  made  in  the  arm  frames 

B,B,B,  B.    It  will  be  always  advisable  to  drill  both  the 

arm  frames,  B,  B^  B,  B,  and  the  circle  E  £,  together,  that  the 

j(Mnt  pin-boles  in  all  three  may  correspond  exactly  with  each 

other^  and  particularly  from  the  centre  of  each.    The  jobit 

pin-holes,  in  the  paddle-plates  or  floats,  should  also  be  made 

to  correspond  with  each  other;  and  it  is  the  distance  oi  the 

iioles  from  D  to  F  in  the  paddles  C  C,  as  shown  at  fig.  90, 

which  determine  the  eccentricity  of  the  course  of  the  iron 

ling  E  E;  and  it  is  by  connecting  these  paddles  at  D  to  the 

arm  frames  B,B,B,B,  and  at  F  to  the  ring  EE,  which  iu 

the  rotation  of  the  whole  by  the  axle  A,  and  by  keeping  the 

cirde  E  E  in  its  proper  situation  as  before  described^  eitiier 

by  the  rollers  G  Gr,  or  when  the  springs  H  H  are  substituted 

for  the  rollersi  that  the  paddles  always  preserve  a  vertical 

position  to  the  surface  of  the  water,  and  which  cause  the 

upper  paddles  to  approach,  whilst  the  lower  paddles  recede 

from  toe  centre  of  the  axle  A.    Fig.  86f  represents  a  view  of 

the  wheel  combined  with  all  the  paddles  connected  tx>  both 

frames  of  the  wheel,  with  the  iron  ring  or  circle  EE  placed 

in  the  middle  of  the  frames  and  between  the  sides  ci  the 

paddles,  with  the  joint-pins  in  tiieir  proper  places,  with  tiie 

two  lower  paddles  at  tiieir  moAt  extended  distance  from  the 

centre  cS  axle  A,  whilst  the  two  umer  paddles  are  brought 

to  their  nearest  situation  to  that  axle;  the  jcnnt-pins  must 

either  have  nuts  and  screws,  or  t)ther  proper  fastenings,  to 

keep  them  in  their  several  places,  or  split  keys,  the  latter  of 

which  I  decidedly  prefer.    The  axle  A  inust  be  properly 

placed  and  secured  in  the  iron  frames  B,  B,  B,  B,  in  any  <n 

the  ordinary  modes  which  an  experienced  and  skilful  workman 

will  adopt,    l^e  number  of  sets  of  paddles.or  floats  for  any 

one  wheel  must  be  determined  according  to  the  magnitude 

and  duty  of  such  wheel ;  it  is  the  genml  tsonstmction  and 

/combination  as  described,  which  constitute  my  improved 

wheel,  and  not  the  numbw  of  tiie  paddies  or  floats,  or  their 

magnitude.    I  should^  however,  never  recommend  less  than 

six  sets  of  paddles  or  floats  to  be  combined  in  any  wheel 

made  on  the  plan  of  my  improved  wheel,  although  I  am  aware 

it  would  act  with  a  less  number,  but  not  so  advantageously* 

The  same  letters  in  figs.  65,  86,  and  87,  represent  the  same 
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pirU  in  ettfaer  of  these  Bginres,  and  as  far  as  any  of  the  sinular 
puts  are  shown  in  figs.  88^  89^  and  90,  the  letters  and 
diaiactere  also  dislingubfa  them. 

THE  OVBRSH0T-WHB£L. 

This  whed  consists  of  a  frame  of  open  bnckets,  placed 
lovod  the  rim  of  a  verticid  wheel,  to  receive  the  water 
from  a  ^ut  placed  over  it,  so  that  the  buckets  on  the 
one  ude  shall  be  always  loaded,  while  those  on  the  opposite 
side  are  empty.  The  loaded  side  will  of  conrse  descend, 
and  the  wfaed  hi  its  revolution  will  bring  the  empty  buckets 
under  the  spout,  to  be  in  their  turn  filled  with  water. 

Tlie  principal  thing  to  be  attended  to  in  the  construction 
of  tins  wheel  is  to  ^ve  the  buckets  of  such  a  form  as  will 
letaiB  the  water  along  Ae  gpreatest  circumference  of  the 
wlied:  and  as  this  is  a  thing  not  easily  to  foe  accomplished, 
mnnenms  ccmtrivances  have  been  resorted  to  by  mill-wrights 
to  determine  the  best  posable  form. 

Fj^.  91  is  tbe  outline  of  a  wheel  having  40  buckets.  The 
ring  (tf  board  contained  between  the  concentric  circles  Q  D  S 
tnd  PAR,  making  d>e  ends  of  the  buckets,  is  called  the 
ibooding,  and  Q  P  the  depth  of  shrouding.  The  inner  circle 
Par  b  called  Uie  sole  of  the  wheel,  and  usually  consists  of 
hards  nailed  to  strong  wooden  rings  of  compass  timber  of 
CDoaderable  scantling,  firmly  united  with  the  arms  or  radii. 
The  putiticpns,  which  determbie  the  form  of  the  buckets, 
flOBsist  of  three  different  planes  or  boards,  A  B,  BC,  C  D, 
vhich  are  variously  named  by  different  artists.  We  have 
^leaid  thenci  called  the  start  or  shoulder,  the  arm,  and  the 
wrest:  (probably  for  wrist,  on  account  of  a  resemblance  of 
the  iriMMe  fine  to  tbe  human  arm:)  B  is  also  called  the 
dbow. 

Fig.  92  represents  a  small  portion  of  the  same  bucketing 
on  a  larger  scale,  that  the  proportion  of  the  parts  may  be 
more  distinctly  seen.  AG  the  sole  of  one  bucket  is  made 
ahodt  I  more  than  the  depth  G  H  of  the  shrouding.  The 
start  AB  is  i  of  A  I.  The  plane  BC  is  so  inclined  to  A  B 
that  it  woold  pass  tlirough  H ;  but  it  is  made  to  terminate  in 
C,  m  such  a  manner  that  F  C  is  iths  of  G  H  or  A  I.  Then 
C  D  is  so  placed  that  HD  is  about  ^th  of  I H.  . 

By  this  construction  it  follows  that  the  area  F  A  B  C  is 
▼ery nearty  equal  to  D  A  B  Cj  so  that  the  water  which  will 
fiU  tbe  space  F  A  B  C  will  all  be  contained  in  the  bucket 
when  H  snail  come  into  such  a  position  that  A  P  is  a  hori- 
ToAal  line)  and  the  line  AB  will  then  m^ke  an  angle  of 


Digitized 


by  Google 


76  THB  OPBRATIVE   MBCHANIC 

35°  with  the  vertical,  or  the  bucket  will  be  35®  firom  the 
perpendicular,  passing  through  the  axis  of  motion.  If  the 
bucket  descend  so  much  lower  that  one  half  of  the  water  runs 
out,  the  line  A  B  will  make  an  angle  of  25°  or  24°  nearly 
with  the  vertical.  Therefore  the  wheel,  filled  to  the  degree 
now  mentioned,  will  begin  to  lose  water  at  about  -^th  of  the 
diameter  from  the  bottom,  and  half  of  the  water  will  be 
discharged  from  the  lowest  bucket,  about  rVth  of  the  diame- 
ter further  down.  Had  a  greater  proportion  of  the  buckets 
been  filled  with  water  when  they  were  under  the  spout,  the 
discharge  would  have  begun  at  a  greater  height  from  the 
bottom,  and  we  should  lose  a  greater  portion  of  the  whole 
fall  of  water.  The  loss  by  the  present  construction  is  less 
than  Tvth,  (supposing  the  water  to  be  delivered  into  the  ^eel 
at  the  very  top,)  and  may  be  estimated  at  about  iS^th ;  for  the 
loss  is  the  versed  sine  of  the  angle  which  the  radiufi  of  the 
bucket  make  with  the  vertical.  The  versed  sine  of  35^  u 
nearly  ^th  of  the  radius,  being  0.18085,  or -^th  of  the  dia- 
meter. It  is  evident,  that  if  only  ^  of  this  water  were  supplied 
to  each  bucket  as  it  passes  the  spout,  it  would  have  been 
retained  for  10°  more  of  a  revolution,  and  the  loss  of  fall 
would  have  only  been  about  -t^th. 

These  observations  serve  to  show  in  general,  that  an 
advantage  is  gained  by  having  the  buckets  so  capacious  that 
the  quantity  of  water  which  each  can  receive  as  it  passes  the 
spout  may  not  nearly  fill  it.  This  may  be  accomplished  by 
making  them  of  a  sufficient  length,  that  is,  by  making  the 
wheel  sufficiently  broad  between  the  two  shroudings. 

Mr.  Robert  Burns,  of  Cartside,  in  Renfrewshire,  has  made 
what  appeared  to  be  a  very  considerable  improvement  in  the 
construction  of  the  bucket.  The  principle  of  this  improve- 
ment consisted  in  dividing  the  bucket  by  a  partition  of  such 
a  height,  that  the  inner  and  outer  portioni^  of  the  bucket  on 
each  side  were  nearly  of  equal  capacity.  See  fig.  93.  The 
bucket  consisted  of  a  start  A  B,  an  arm  B  C,  and  a  wrest  C  D, 
concentric  with  the  rim,  and  was  divided  by  the  partition  LM, 
concentric  with  the  sole  and  rim.  If  these  buckets  be  filled 
one-third,  they  will  retain  the  whole  of  the  water  at  18^,  and 
the  half  at  1 1°,  from  the  bottom.  These  advantages  how- 
ever were  found  to  be  counterbalanced  by  disadvantages ;  and 
Mr.  Burns  did  never^  we  believe,  put  the  construction  in 
practice. 

The  velocity  of  an  overshot- wheel  is  a  matter  of  very  great 
nicety;  and  authors,  both  speculative  and  practical,  have 
lirrived  at  very  diflerent  conclusions  respecting  it.     M.  Be-* 
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iidoi  Toy  strangdy  maintains,  that  there  is  a  certain  velocity 
rdated  to  that  obtainable  by  the  whole  fall,  which  will 
raocore  to  an  overshot-wheel  the  greatest  performance. 
Desaguliers,  Smeaton,  Lambert,  De  rarcieux,  and  others, 
maintain,  that  there  is  no  such  relation,  and  that  the  perform- 
ance of  an  overshot- wheel  nvill  be  the  greater,  as  it  moves 
.  more  slowly  by  an  increase  of  its  load  of  work.  Belidor 
again  states,  that  the  active  power  of  water  lying  in  a  bucket- 
wheel  of  any  diameter  is  equal  to  the  impulse  of  the  same 
water  on  the  floats  .of  an  undershot-wheel,  when  the  water 
issues  from  a  sluice  in  the  bottom  of  the  dam.  The  other 
writers  whom  we  have  named  assert,  that  the  energy  of  an 
undershot- wheel  is  but  one  half  of  that  of  an  overshot,  actuated 
by  the  same  quantity  of  water  falling  from  the  same  height. 
The  most  generally  received  opinion  is,  that  the  overshot- 
whed  does  the  more  work,  as  it  moves  slower  3  and  the 
foUowing  is  the  reasoning  adduced  to  prove  it.  Suppose 
that  a  wheel  has  30  buckets,  and  that  six  cubic  feet  of  water 
ire  delivered  in  a  second  on  the  top  of  the  wheel,  and  dis- 
charged, without  any  loss  by  the  way,  at  a  certain  height 
from  the  bottom  of  the  wheel.  Let  this  be  the  case,  whatever 
b  the  rate  of  the  wheel's  motion,  the  buckets  being  of  a 
tofficient  capacity  to  hold  all  the  water  which  falls  into  them. 
Sq^iose  this  wheel  employed  to  raise  a  weight  of  any  kind, 
vater  for  instance,  in  a  chain  of  30  buckets,  to  the  same 
ahitside  aind  with  the  same  velocity.  Suppose,  further,  that 
when  the  load  on  the  rising  side  of  the  machine  is  one  half 
of  that  on  the  wheel,  the  wheel  makes  four  revolutions  in  a 
minute,  or  one  turn  in  15  seconds.  During  this  time  90 
cubic  feet  of  water  will  have  flowed  into  the  30  buckets,  and 
each  have  received  three  cubic  feet.  In  that  case  each  of  the 
rising  buckets  conUdns  1^  feet;  and  45  cubic  feet  are  deli- 
vered into  the  upper  cistern  during  one  turn  of  the  wheel, 
and  180  cubic  feet  in  one  minute.         \ 

Now,  suppose  the  machine  so  loaded,  by  making  the  rising 
backets  more  capacious,  that  it  makes  only  two  turns  in  a 
minute,  or  one  turn  in  30  seconds;  then  each  descending 
bucket  must  contain  six  cubic  feet  of  water.  If  each  bucket 
on  the  rising  side  contained  three  cubic  feet,  the  motion  of  the 
machine  would  be  the  same  as  before.  This  is  a  point  none 
wHl  controvert.  When  two  pounds  are  suspended  to  one 
end  of  a  string  which  passes  over  a  pulley,  and  one  pound  to 
the  other  end,  the  velocity  of  descent  of  the  two  pounds  will 
be  the  same  with  that  of  a  four  pound  weight,  which  *is 
enipJoved  in  the  same  manner  to  draw  up  two  pounds.    Our 


Digitized 


by  Google 


78  THB  OPBRATIVB  MBCHANIC 

machine  would  therefore  continue  to  make  four  inmi  in  a 
minute,  and  would  deliver  90  cubic  feet  during  each  turn, 
and  360  in  a  minute.  But,  by  suppogition,  it  is  making  onYf 
two  turns  in  a  minute ;  wUch  must  proceed  from  a  greater 
load  than  three  cubic  feet  of  rising  water  in  each  rising 
bucket.  The  machine  must,  therefore,  be  raisinsr  more  than 
90  feet  of  water  during  one  turn  of  the  wheel,  and  more  than 
180  in  a  minute. 

Thus  it  appears  that  if  the  machine  is  turning  tmce  as 
slow  as  before,  there  is  more  than  twice  the  former  quanttty 
in  the  rising  buckets;  and  more  will  be  raised  in  a  minute  Dy 
the  same  expenditure  of  power.  In  like  manner,  if  the 
machine  go  tiiree  times  as  slow,  there  must  be  mare  than 
three  times  the  former  quantity  in  the  rising  buckets,  and 
more  work  will  be  done. 

But  further  we  may  assert,  that  the  more  we  retard  the 
machine  to  a  certain  practical  extent,  by  loading  it  with  more 
work  of  a  similar  kind,  the  greater  will  be  its  performance; 
and  the  truth  of  the  assertion  may  be  thus  demonstrated 
Let  us  call  the  first  quantity  of  water  in  the  rising  budcet, 
Q;  the  water  raised  by  four  tutns  in  a  minute  will  be  4  x  30 
X  Q  =  120  Q.  The  quantity  in  this  bucket,  when  the  ma- 
chine goes  twice  as  slow,  has  been  shown  to  be  greater  than 
2Q;  call  it  2Q  +  s;  the  water  nused  by  two  turns  in  a 
minute  will  then  be  2  x  30  x  (2Q  +  x)  =  120  +  60x. 
Suppose  next,  the  machine  to  go  four  times  as  slow,  making 
but  one  turn  in  a  minute;  the  rising  bucket  must  now 
contain  more  than  twice  the  quantity  2  Q  +  jr,  or  more  than 
4Q  -f  2^,  call  it  4Q  +  2x  -f  y.  The  work  done  by  one 
turn  in  a  minute  will  now  be  30  x  (4Q  +  2jr  +  y)  =120 
Q^-f-  60  jr  +  30  y.  By  such  an  induction  of  the  work  accom- 
plished, with  any  rates  of  motion  we  choose,  it  is  evident 
that  the  performance  of  the  machine  increases  with  every 
diminution  of  its  velocity  that  is  produced  by  the  mere  addi- 
tion of  a  similar  load  of  work,  or  that  it  does  the  more  work 
the  slower  it  goes.  This,  however,  is  abstracting  from  the 
effects  of  the  friction  upon  the  gudgeons  of  the  wheel,  a 
cause  of  resistance  which  increases  with  the  load,  though 
not  in  the  same  ratio. 

We  have  also  supposed  the  machine  to  be  in  its  state  of 
permanent  uniform  motion.  If  we  consider  it  only  in  the 
beginning  of  its  motion,  the  residt  is  still  more  in  ravour  of 
slow  motion :  for,  at  the  first  action  of  the  moving  power,  the 
inertia  of  the  machine  itself  consumes  part  of  it,  and  it  acqwi/^* 
its  permanent  velocity  by  degrees,  during  which  the  resist- 
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inces  arishig  from  the  work,  friction,  &c.,  increase,  till  they 
exactly  baluice  the  pressure  of  the  water ;  and  after  this  the 
nadiine  no  longer  accelerates.  Now,  the  greater  the  power 
and  die  resistance  arising  from  the  work  are,  in  proportion 
to  the  inertia  of  the  macUne,  the  sooner,  it  is  obyious,  will  it 
arrire  at  its  state  of  permanent  velocity. 

The  preceding  discussion  only  demonstrates  in  general  the 
advantage  of  slow  motion  3  but  does  not  point  out  in  any 
degree  the  relation  between  the  rate  of  motion  and  the  work 
fakftmed,  nor  even  the  prihciples  on  which  it  depends.  But 
dda  is  not  necessary  for  the  improvement  of  practical  me- 
chanics. It  is,  however,  manifest,  that  there  is  not,  in  the 
nature  of  things,  a  maximum  of  performance  attached  to  any 
paiticabr  rate  of  motion  which  should,  on  that  account,  be 
preferred.  All,  therefore,  that  we  have  to  do^  is  to  load  the 
maduiie,  and  thus  to  dimmish  its  speed,  unless  other  physical 
drcomstances  throw  obstacles  in  the  way:  for  there  are  such 
obstades,  aa  in  all  machines  there  are  certain  inequalities  of 
actioQ  that  are  unavoidable.  In  the  action  of  a  wheel  and 
pnioD,  though  made  with  the  utmost  judgment  and  care, 
there  aie  sudi  inequalities.  These  increase  by  the  changes 
of  fimn  occasioned  by  the  wearing  of  the  machine ;  and  much 
ptMr  irregularities  arise  from  the  subsultory  motions  of 
oaaks,  stampers,  and  other  parts  which  move  unequally  or 
ndpfocally.  A  machine  may  be  so  loaded  as  just  to  be  in 
equQibrio  with  its  work,  in  the  fiivourable  position  of  its 
parts :  and  when  this  changes  into  one  less  favourable,  the 
fluichiiie  may  stop,  or,  at  all  events,  hobble  and  work  un- 
eqaaUy.  The  rubbing  parts  thus  bear  long  on  each  other, 
vkh  enormous  pressures,  cut  deep  into  each  other,  and 
increase  friction:  therefore  such  slow  motions  should  be 
avoided.  A  little  more  velocity  enables  the  machine  to  over- 
come those  increased  resistances  by  its  inertia,  or  the  great 
quantity  of  motion  inherent  in  it.  Great  machines  possess 
this  a^antage  in  a  superior  degree,  and,  consequently,  will 
work  steadily  with  a  smaller  velocity. 

Mr.  Smeaton,  in  hb  Experimental  Inquiry,  previous  to 
examining  into  the  power  and  application  of  water,  when 
acting  by  its  gravity  on  overshoUwneehy  says,  ^^  In  reasoning 
without  experiment,  one  might  be  led  to  imagine,  that  how- 
ever different  the  mode  of  application  is,  yet  that  whenever 
the  same  quantity  of  water  descends  through  the  same  per- 
pencBcular  space,  that  the  natural  effective  power  would  be 
equal,  supposing  the  machinery  free  from  friction,  equally 
calcuhted  to  receive  the  full  effect  of  the  power,  and  to  make 
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the  most  of  it:  for  if  we  suppose  the  hei^t  of  a  column  of 
water  to  be  30  inches,  and  resting  upon  a  base  or  aperture 
one  inch  square,  every  cubic  inch  of  water  that  departs  there- 
from will  acquire  the  same  velocity  or  momentum^  from  the 
uniform  pressure  of  30  inches  above  it,  that  one  cubic  inch 
let  fall  from  the  top  will  acquire  in  fialling  down  to  the  level 
of  the  aperture :  one  would  therefore  suppose,  that  a  cubic 
inch  of  water,  let  6dl  through  a  space  of  30  inches,  and  there 
impinging  upon  another  body,  would  be  capable  of  producing 
an  equal  effect  by  collision,  as  if  the  same  cubic  inch  had 
descended  through  the  same  space  with  a  slower  motion,  and 
produced  its  effects  gradually.  But  however  conclusive  thb 
reasoning  may  seem,  it  will  appear,  in  the  course  of  the 
following  deductions,  that  the  effect  of  the  gravity  of  descend- 
ing bodies  is  very  different  from  the  effect  of  stroke  of  such 
as  are  non-elastic^  though  generated  by  an  equal  mechanical 
power." 

When  Mr.  Smeaton  had  finished  his  experiments  on  under- 
shot mills,  he  reduced  the  number  of  floats  on  the  wheel, 
which  were  originally  24,  to  12;  which  caused  a  diminution  in 
the  effect,  on  account  of  a  greater  quantity  of  water  esc^ing 
between  the  floats  and  the  floor:  but  a  circular  sweep  being 
adapted  thereto,  of  such  a  length,  that  one  float  entered  the 
curve  before  the  preceding  one  quitted  it,  the  effect  came  so 
near  that  of  the  former,  as  not  to  give  any  hopes  of  advanc- 
ing it  by  increasing  the  number  of  floats  beyond  24  in  this 
particular  wheel. 

In  these  experiments  the  head  was  six  inches^  and  the 
height  of  the  wheel  24  inches,  so  that  the  whole  descent  was 
30  inches :  the  quantity  of  water  expended  in  a  minute  was 
?.iil  pounds,  which,  multiplied  by  30  inches,  gives  the  power 
=  2900.  After  making  the  proper  calculations,  the  effect  was 
computed  at  1914;  the  ratio  therefore  of  the  power  and  effect 
will  be  as  2900  :  1914,  or  as  10  :  6.6,  or  as  3  to  2  nearly. 
But  if  we  compute  the  power  from  the  height  of  the  wheel 
only,  we  shall  have  96^  pounds,  multiplied  by  24  inches 
=  2320  for  the  pmver^  and  this  will  be  to  the  effect  as 
2320  :  1914,  or  as  10  :  82,  or  as  5  to  4  nearly. 

From  another  set  of  experiments  the  following  conclusions 
were  deduced: 

1.  The  effective  power  of  the  water  must  be  reckoned 
upon  the  whole  descent,  because  it  must  be  raised  that 
height  in  order  to  produce  the  same  effect  a  second  time 
The  ratios  between  the  powers  so  estimated,  and  the  effects 
at  tiie  maximum^  differ  nearly  from  that  of  10  to  7-6,  to  that 
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of  10  to  SSj  tiiat  is  nearly  from  4^  to  42.  In  those  expe- 
riments whore  the  heads  of  water  and  quantities  expended 
are  least,  the  prc^rtion  is  nearly  as  4  to  3;  but  where  the 
beads  aiul  quantities  are  greatest,  it  approaches  Hearer  to 
that  <tf  4  to  2;  and  by  a  medium  of  the  whole,  the  ratio  is 
that  ol  3  to  2  neariy.  Hence  it  appears,  that  the  ^ct  of 
overshot-wheels  b  nearly  double  to  that  of  the  undershot, 
and,  by  consequence,  that  non-elastic  bodies,  when  acting 
by  their  impuLse  or  collision,  communicate  onl^  a  part  of 
their  original  power,  the  remainder  being  spent  m  chan^i^ 
their  figure  in  consequence  of  the  stroke.  The  tdtimate 
coDdnsion  is,  that  the  e£Eect8,  as  well  as  the  powers,  are  as 
the  quantities  of  water  and  perpendicular  heights  multiplied 
together  respectively. 

2.  By  increasing  the  head  from  3  to  11  inches,  that  is,  the 
whole  descent  fit>m  27  inches  to  35,  or  in  the  ratio  of 
7  to  9  nearly,  the  effect  is  advanced  no  more  than  in  the 
ratio  ci  8.1  to  8.4,  that  is,  as  7  to  7*26;  and  consequentiy 
the  iocreaae  of  effect  is  not  one-seventh  of  the  increase  of 
perpendicular  height.  Hence  it  follows,  that  the  higher  the 
vheei  is  in  proportion  to  the  whole  descent,  the  greater  will 
be  the  effect ;  because  it  depends  less  upon  the  impulse  of 
the  head,  and  more  upon  the  gravity  of  the  water  in  the 
Wkets:  and  if  we  consider  how  obliquely  the  water  isstldng 
iom  the  head  must  strike  the  buckets,  we  shall  not  be  at  a 
loss  to  account  for  the  littie  advantage  that  arises  from  the 
impulse  thereof,  and  shall  immediately  see  of  how  littie  con- 
sequence this  impulse  is  to  the  effect  of  an  overshot- wheel. 
This,  howev'er,  like  other  things,  is  subject  to  limitation,  for 
it  is  desirable  that  the  water  should  have  somewhat  greater 
Telocity  than  the  circumference  of  the  wheel,  in  coming 
thereon;  otherwise  the  wheel  will  not  only  be  retarded  by 
the  buckets  striking  the  water,  but  a  portion  of  the  power 
will  be  lost  by  the  water  dashing  over  the  buckets. 

3.  To  determine  the  velocity  which  the  circumference  of 
the  wheel  ought  to  have  in  order  to  produce  the  greatest 
effect,  Mr.  Smeaton  observes,  that  the  slower  a  body  descends, 
the  greater  will  be  the  portion  of  tht  action  of  gravity  appli- 
cable to  the  producing  a  mechanical  effect,  and,  in  consequence, 
the  greater  will  be  the  effect.  If  a  stream  of  water  falls  into 
the  bucket  of  an  overshot-wheel,  it  is  there  retained  till 
the  wh^  by  moving  round  discharges  it,  and  consequentiy 
the  slower  the  wheel  moves,  the  more  water  each  bucket 
will  receive:  so  that  what  is  lost  in  speed,  is  gained  by  the 
pressure  of  a  greater  quantity  s.^  water  acting  in  the  buckets 
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at  once.  Froiu  tht  experiments,  howerer^  it  appeared,  tlmt 
when  the  wheel  made  about  20  turm  in  a  mmnte,  tbe  elktt 
was  near  upon  the  greatest.  When  it  made  90  tnma,  the 
eSect  was  diminished  about  tHrth  part;  and  that  when  it 
made  40,  it  was  diminished  about  ^|  when  it  made  less  than 
18i,  its  motion  was  irregular;  and  when  it  was  loaded  so  as 
not  to  admit  its  making  18  turns,  the  wheel  was  orerpowered 
by  its  load.  It  is  an  advantage  in  practice,  that  the  velocity 
of  the  wheel  should  not  be  diminished  further  tiian  will  pro- 
cure some  solid  advantage  in  point  of  power,  because  etcteris 
paribHS,  as  the  motion  i^  slower,  the  backets  must  be  made 
larger,  and  the  wheel  being  more  loaded  with  water^  tbe 
stress  upon  every  part  of  the  work  will  be  increased  in  pro- 
portion. The  best  velocity  for  practice,  therefore,  will  be 
such,  as  when  the  wheel  made  30  turns  in  a  minute,,  that  is, 
when  the  velocity  of  tbe  circumference  is  a  little  more  than 
three  feet  in  a  second.  Experience  confirms  that  this  relo* 
city  of  three  feet  in  a  second  is  i^licable  to  tbe  highest 
overshot- wheels,  as  well  as  the  lowest ;  and  all  other  parts  of 
the  work  being  property  adapted  thereto,  will  produce  very 
nearly  the  greatest  effect  possible ;  it  is  aiso  determined  by 
experience,  that  high  wheels  may  deviate  further  from  this 
rule,  before  they  will  lose  their  power,  by  a  given  aliquot 
part  of  the  whole,  than  low  ones  can  be  admitted  to  do. 
For  a  wheel  of  24  feet  hi^  may  move  at  the  rate  of  six  feet 
per  second  without  losing  any  part  of  its  power;  and,  on 
the  other  hand,  the  author  had  seen  a  wheel  of  %  feet  high 
that  moved  very  steadily  and  well,  with  a  velocity  but  Httle 
exceeding  two  feet.  The  reason  of  the  superior  velocity  dl 
the  24  feet  wheel  seems  to  have  been  owing  to  the  small 
proportion  that  the  head,  requisite  to  give  the  water  the 
proper  velocity  of  the  wheel,  bears  to  tbe  whole  height. 

4.  The  maximum  load  for  an  overshot^wheel,  is  that  which 
reduces  the  circumferences  of  the  wheel  to  its  proper  velocity; 
which  will  be  knovm  by  dividing  the  effect  it  oug^t  to  pro- 
duce in  a  given  time,  by  the  space  intended  to  be  described 
by  the  circumference  of  the  wheel  in  tbe  same  time ;  fhe 
quotient  will  be  the  resistance  overcome  at  the  circumference 
of  the  wheel,  and  is  equal  to  die  load  required,  the  friction 
and  resistance  of  the  machinery  included. 

5.  TTie  greatest  vdodty  of  which  the  circun^rence  of  an 
overshot- wheel  is  capable,  depends  jointir  upon  the  diameter 
of  the  height  of  the  wheel,  and  the  velocity  of  foiling  bodies; 
for  it  is  plain  that  the  velocity  of  the  circumference  can 
never  be  greater  than  to  describe  a  semi-circumference 
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whfle  a  body  let  tail  from  the  top  of  the  wheel  will  descend 
through  its  diameter;  nor  even  quite  so  grc^t,  as  a  body 
^scesding  through  the  same  perpendicular  spnce  cazmot 
perform  the  same  m  so  small  a  time  when  passing  throrafa  a 
temi-drcle  as  would  be  done  in  a  perpendicular  Ime.  Inus, 
if  a  wheel  is  16  feet  one  inch  in  diameter,  a  body  will  M\ 
through  it  in  one  second:  this  wheel  therefore  can  never 
arrive  at  a  velocity  equal  to  the  making  one  turn  in  two 
seconds;  but,  in  reality^  an  overdiot- wheel  can  never  come 
near  this  velocitv ;  for  when  it  acquires  a  certain  speed,  the 
great^t  part  of  the  water  is  prevented  from  entering  the 
buckets^  and  the  rest,  at  a  certain  point  of  its  descent,  is 
thrown  out  again  by  the  centrifugal  force.  As  these  circum- 
stances depend  chiefly  upon  the  form  of  the  buckets,  the 
utmost  veh)city  of  overshot-wheels  canimot  be  generally 
determined;  and,  indeed,  it  is  the  less  necessary  in  practice, 
as  it  b  in  this  circumstance  incapable  of  producing  any 
mechanical  effect. 

6.  The  greatest  load  an  overshot-wheel  will  overcome, 
consklered  abstractedly,  is  unlimited  or  infinite;  for  as  the 
buckets  may  be  of  any  given  capacity,  the  more  the  whed  is 
loaded,  the  slower  it  turns,  but  the  dower  it  turns,  the  more 
▼m  the  buckets  be  filled  with  water;  and,  consequently, 
dxragh  the  diameter  of  the  wheel  and  quantity  of  water 
expended  are  both  limited,  yet  no  resistance  can  be  assigned, 
I      which  it  is  not  able  to  overcome ;  but  in  practice  we  always 
f      meet  with  something  that  prevents  our  getting  into  infinitesi- 
*      mals.    For  when  we  really  go  to  work  to  build  a  wheel,  the 
buckets  must  necessarily  be  of  some  given  capacity,  and 
consequently  such  a  resistance  will  st(^  the  wheel,  as  it  is 
equal  to  the  effort  of  all  the  buckets  in  one  semi-circum- 
ference filled  with  water.    The  structure  of  the  buckets 
being  given,  the  quantity  of  this  efibrt  may  be  assigned,  but 
is  not  of  much  consequence  in  practice,  as  in  this  case  also 
the  wheel  loses  its  power;  for  though  here  is  the  exertion 
of  gravity  upon  a  given  quantity  of  water,  yet  bdng  pre- 
vented by  a  counterbalance  fiK)m  moving,  is  capable  of 
produdng  no  mechanical  effect,  according  to  our  definition. 
But,  in  reality,  an  overshot-wheel  generally  ceases  to  be 
useM  before  it  is  loaded  to  that  piteh;  for  when  it  meets 
with  such  a  resistance  as  to  diminish  its  velocity  to  a  certain 
degree,  its  motion  becomes  irrq^ular;  yet  this  never  happens 
till  the  velocity  of  the  circumference  is  less  than  two  feet  per 
second,  where  the  resistance  is  equable. 

c2. 


Digitized 


by  Google 


84  THE  OPBRATIVE    MECHANIC 

llie  reader  having  now  become  acquainted  with  the  valu- 
able course  of  experiments  made  by  Mr.  Smeaton,  we  shall 
next  offer  to  his  notice  a  few  remarks  upon  the  best  mode  of 
delivering  water  upon  an  overshot-wheel. 

In  wheels  of  this  construction^  it  has  been^  and  still  is,  the 
common  practice,  to  allow  the  water  to  flow  into  the  buckets 
at  the  highest  point  of  the  wheel ;  but  this  system  is  deci- 
dedly bad ;  for  the  centre  of  gravity  of  the  upper  bucket  is 
direct  over  the  axle  of  the  wheel,  and,  consequently,  any 
water  poured  into  that  bucket  will,  instead  ot  creating  a  rota- 
tory motion,  cause  a  greater  pressure  upon  the  pivots  of  the 
axle.  The  greatest  advantage  would  be  obtained  by  causing 
the  water  to  fall  upon  the  wheel,  at  an  angle  of  42^  or 
46  degrees,  as  then  the  power  of  the  wheel  will  be  aug- 
mented by  the  increased  leverage.  In  constructing  wheels 
upon  this  principle,  however,  great  care  must  be  taken  to 
aUow  a  sufficiency  of  room  in  buckets  for  the  escape  of  ur, 
otherwise  the  wheel  will  not  act.  The  same  observation  is 
also  applicable  to  breast^wheels ;  for  we  were  once  ptesent, 
and  witnessed  an  instance  of  this  kind,  at  the  first  starting 
of  a  breast^ wheel,  in  wliich  the  millwright,  in  order  to  ob- 
tain the  greatest  possible  effect,  had  made  the  back-boards 
to  fit  so  tight  that  no  water  or  air  could  escape ;  the  conse- 
quence of  which  was,  the  necessity  of  reducing  tlie  whole  of 
the  back-boards,  to  allow  air  enough  to  escape  for  the  water 
to  act  freely  upon  the  floats. 

burn's  ovsrshot-whbel  without  a  shaft. 

This  ingenious  machine  was  invented  and  erected  by  the 
late  Mr.  Bums,  whose  mechanical  ingenuity  we  have  already 
had  occasion  to  admire.  It  is  represented  in  two  different 
sections,  in  figs.  96  and  96,  and  forms  a  large  hollow  cylinder 
by  its  buckets  and  sole,  without  having  any  shaft  or  axle-tree. 

This  wheel  is  12^  feet  diameter,  and  seven  feet  broad  over 
all,  and  has  28  buckets.  The  gudgeon  is  6  inches  diameter, 
by  9  inches  long.  The  flaunch  is  1 J  inch  thick  at  the  ex- 
treme points.  The  arms  are  of  redwood  fir,  6  inches  square; 
one  piece  making  two  arms  hi  length,  where  they  cross  one 
another  at  the  wheers  centre,  1 J  inch  of  the  wood  remaining 
in  each,  connecting  the  two  opposite  arms  as  one  piece.  The 
wheels  was  made  by  first  fitting  the  gudgeon  into  a  lai^ 
piece  of  hard  wood,  with  the  flaunch  parallel  to  the  horizon, 
and  in  that  position  the  arms  and  rings  were  trained  and 
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bound  fitft  to  it.  All  the  grooves  for  starts  or  raisers^  and 
buckets,  were  cut  out  before  it  was  remo^  ed ;  first  one  piece 
was  bolted  to  the  flaunch  at  a  a,  and  so  of  the  others^  leaving 
tbe  distant  openings  for  the  cross  bars  that  reach  between 
each  arm  and  its  opposite  arm.  These  bars^  or  pieces,  were 
only  4  inches  square,  and  were  of  good  beech  wood,  turned 
HNDid  in  the  body.  They  were  10  inches  square  at  each  enc^ 
m  which  was  fitted  a  strong  nut  for  a  bolt,  1^  inch  thick,  to 
go  through  b,  and  connect  die  two  sides  together. 

After  the  arms  were  trained  and  fixed  right  upon  the  gud- 
geons, the  innermost  ring  was  completed ;  the  tenons  were 
tnuned  on  the  arms  first,  and  the  rings  4^  inches  thick  and 
8  inches  deep,  put  on  by  keys  driven  into  the  mortice.  The 
remaiaing  tenons  were  then  reduced  firom  1 }  to  1  inch  thick,  and 
tiie  outermost  ring,  only  3l  inches  thick  by  6  inches  deep,  was 
firmly  wedged  thereon,  and  bound  fiistat  the  other  ends  by  three 
strong  wooden  pins,  as  at  C  C;  to  the  lower  ring,  the  outside 
of  ibe  uppermost  aud  undermost  rings  are  flush,  all  the  addi- 
tional thickness  of  the  lower  ring  projecting  inside  the  buckets. 

Some  difficulty  was  found  in  laying  the  water  properly 
into  tbe  buckets  of  this  wheel,  owing  to  the  narrowness  of 
the  months  of  the  buckets,  by  the  high  start  or  raber,  which 
vas  remedied  by  adopting  the  following  plan. 

Tbe  openings  in  the  bottom  of  the  troughin^  should  be  of 
imo,  and  so  distant  from  each  other  that  me  water  firom 
them  is  thrown  into  two  separate  buckets.  The  iron  curved 
pouts  should  also  be  movable,  to  adjust  the  openings  to  the 
quantity  of  water  necessary  for  the  wheel.  Unless  the  head 
of  water  b  12  or  14  inches  above  these  openings,  it  will  be 
£fficult  to  give  it  the  proper  direction  mto  the  buckets, 
e^ecially  if  the  openings  are  pretty  wide  for  them;  for  then  it 
deviates  the  more  down  from  the  line  of  direction,  and  tends 
to  retard  Uie  wheel,  by  striking  on  the  outside  of  the  bucket. 

The  openings  firom  which  the  buckets  are  filled^  ought  to 
oe  10  inches  less  in  length  than  the  buckets,  t.  r.  five  inches  at 
each  side,  otherwise  the  water  is  apt  to  jerk  over  on  each 
aide  of  the  wheel,  as  the  edges  of  the  bucket  pass  by. 

The  mode  of  making  and  finishing  the  wheel  at  Cartside 
requires  Yery  little  workmanship,  compared  to  the  usual 
method;  and  anv  good  joiner  will  do  it  as  well  as  a  mill- 
wrigfat.  The  joiner  finished  Cartside  wheel  in  six  or  seven 
I  weeka.  The  constructioo  will  be  better  understood  firom  the 
I   Mlowiog  reference  to  the  figures. 

I       Fig.  96  represents  three  distmct  transverse  views.  The  part 
I   laarked  A  supposes  a  part  of  the  shroudinff  in  section,  showing 
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the  pins ;  the  part  marked  B  is  a  section  of  the  wheel  thcwgh 
any  part  of  the  buckets^  and  showing  three  of  the  ties,  1,9^  3, 
iu  seetion.  Part  D  shows  the  mamitr  in  which  the  exterior 
ends  of  the  wheel  are  finished,  idso  the  gudgeons^  flasacfa,  &e. 
Fig.  96  is  a  longitudinal  section  of  the  wheel  timoug^  one  of 
the  arms,  showing  the  projection  of  the  sfavoudiog,  tiK  masmer 
in  which  the  arms  (rf  the  wheel  are  connected  toMther,  and  like- 
wise the  manner  in  iridch  the  ties  are  connectedto  the  gndgeon. 

CHAIN   OF   fiUCKBTs/ 

This  is  applicable  in  many  situations  where  there  is  a 
considerable  &U  of  water.  This  sketch  was  taken  from  one 
in  Scotland  used  to  givr  motion  to  a  thrashing  mill:  the 
fig.  97  i^  sc'  obvious  as  to  need  Uttie  explanation.  The 
buckets  C,  D,  G,  H»  &c;  must  be  connei^ed  by  several 
chains  to  avoid  the  danger  of  breaking,  and  united  into  aii 
endless  chain,  which  is  extended  over  two  wheels  A  ftiid  B, 
the  upper  one  bein^the  axis  which  is  to  communicate  motion 
to  tl^  inill-work;  £  is  the  spout  to  supply  the  water.  Tbe 
principal  advantage  of  this  plan  is,  that  no  water  is  lost  by 
runaiitg  out  of  the  buckets  before  they  arrive  at  the  loweii 
part,  as  is  the  case  witil  the  wheel.  Another  is,  that  the 
buckets  being  suspended  over  the  wheel  A  of  small  diameter, . 
it  may  be  made  to  revolve  more  quickly  than  a  wheel  of 
la^e  diameter,  and  without  increasing  the  velocity  of  the 
^descending  buckets  beyond  what  is  proper  for  them.  This 
saves  wheel-work  when  the  machine  is  to  be  employed,  as  ia 
a  thrashing  machine,  to  produce  a  rapid  motion.  On  the 
other  hand,  the  friction  of  the  chain  in  folding  over  the  wheel 
at  the  top,  and  seizing  its  cogs,  will  be  very  considerable  5 
these  cogs  must  enter  the  spaces  in  the  open  links  between 
the  buckets,  to  prevent  the  chain  slipping  upon  the  upper 
wheel.  We  thiiik  this  machine  might  bo  much  improved  by 
contriving  It  so  that  the  chun  wo\M  pass  through  the  centre 
of  gravity  of  each  bucket,  whereas  m  the  present  form,  the 
weight  of  each  bucket  tends  to  give  the  chain  an  extra  bend. 

llie  chaiip-pmnp  reversed,  has  been  proposed  as  a  substitute 
for  a  water-wheel  when  the  fnfl  is  very  great,  and  we  think 
it  would  answer  the  purpose  with  some  chancy  of  success. 
It  would  have  an  advantage  over  tile  chain-pump  when  em* 
ployed  for  raising  water,  in  the  focility  of  applying  cup 
leathers  to  the  pistons  on  the  chain,  in  the  same  wa}-  as  otiter 
pumps,  which  leathers  expand  thems^ves  to  the  inside  ef 
the  barrel,  an^  are  kept  perfectly  tight  by  tiie  pressive  of 
ihe  water.     In  the  cha^n-pump  j^uch  leathers  cannot  he 
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tnfbyed,  became  the  edges  of  the  lesther  ciqpB  would  turn 
iomn  md  stop  die  motum,  when  the  caps  were  drawn 
ipwafds  mto  the  barrel.  It  is  the  defective  mode  of  leather* 
i^  the  piatona  of  the  dudn-pim^  which  occasions  its  great 
frKtieii.  In  the  motion  of  a  machine  of  this  kind^  the  pistons 
would  descend  into  the  barrel^  and  might  therefore  be  lea- 
thored  with  cnps  like  other  pumps,  so  as  to  be  quite  ti^t 
without  inunoderate  friction.  Tbis  machine  was  proposed 
bf  a  Mr.  Cooper  in  1784,  who  obtained  a  patent  for  it,  and 
Dr.  Robison  has  agun  proposed  it  with  recommendation. 

BRSAST-WUKBLS. 

Thb  breast-wheel  partakes  of  the  nature  both  of  an  over- 

diot  and  an  undershot:  it  is  driven  partly  by  impulse,  but 

ddefiy  by  the  weight  of  water.    The  lower  part  of  th^ 

whed  is  surrounded  by  a  curved  wall  or  sweep  of  masonry^ 

which  is  made  concentric  witti  the  wheel,  and  the  float* 

boaids  of  the  wheel  are  exactly  adapted  to  the  masonry, 

80  as  to  pass  as  near  as  possible  thereto  without  touching  it; 

and  the  side  walls  are  m  like  manner  adapted  to  the  end  of 

the  float-boards  or  jsides  of  the  wheel,  the  intention  being 

to  let  the  least  possible  quantity  of  water  pass  without  causing 

te  float-boarcM  to  move  before  it.    In  fig.  98,  the  water  is 

povred  upon  the  top  of  the  wheel  over  the  breasting  at  I, 

the  effiox  from  the  imU-dam  K  being  regulated  by  the  sluice 

or  riiQttfe  M,  whidi  is  placed  in  the  direction  of  a  tangent  to 

the  wheel,  and  is  provided  with  the  radc  K,  and  pinion  P,  by 

which  it  can  be  drawn  up  so  as  to  make  any  required  degree 

of  opeimig,  and  admit  more  or  less  water  to  flow  on  the  wheel. 

Toe  water  first  strikes  on  the  float,  and  urges  it  by  its 

impulse ;  but  when  the  floats  descend  into  the  sweep,  they 

fonn  as  it  were  close  buckets,  each  of  which  will  contain  a 

giren  quantity  of  water,  and  the  water  cannot  escape  from 

these  Irackeis  except  the  wheel  moves,  at  least  this  is  the 

inftentioo,  and  the  wheel  is  fitted  as  close  as  it  can  be  to  the 

face  with  that  view.    Each  of  the  portions  of  water  contained 

in  these  spaces  bears  partiy  upon  the  wall  of  the  sweep,  and 

partly  upon  the  floats  of  the  wheel ;  and  its  pressure  upon 

the  floats,  if  not  exceeded  by  the  resistance,  will  cause  the 

whed  to  move;  hence  the  action  upon  all  the  floats  which 

are  within  the  sweep  of  the  breasting  is  by  the  weight  of  the 

water  alone ;  but  tiie  water  is  made  to  impinge  upon  the  fiirst 

float»board  with  some  velocity,  because  the  surface  of  the 

water  in  the  dam  K  is  raised  considerably  above  the  orifice 

beneath  the  shuttle  where  Che  water  issues. 
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The  upper  part  of  the  fall  at  I  is  rounded  off  to  a  s^pnent 
of  a  circle,  caUed  the  crown  of  the  fell,  and  the  water  runs 
over  it.  The  lower  edge  of  the  shuttle  when  put  down  is 
made  to  fit  this  curve,  so  as  to  make  a  tight  joint;  and  in 
consequence,  when  the  shuttle  is  drawn  up,  the  water  will 
run  between  its  lower  edge  and  the  crown  in  a  sheet  or 
stream  which  strikes  upon  the  first  float  that  presents  itself, 
nearly  in  a  direction  perpendicular  to  the  plane  of  the  float- 
board,  or  of  a  tangent  to  the  wheel.  The  float-boards  of  the 
wheel  are  directed  to  tiie  centre,  but  there  are  other  boards 
placed  obliquely  which  extend  from  one  float-board  to  the 
rim  of  the  wheel,  and  nearly  fill  the  space  between  one  float- 
board  and  the  next.  These  are  called  rising«boards,  and  the 
use  of  them  is  to  prevent  the  water  flowing  over  the  float- 
board  into  the  interior  of  the  wheel;  but  the  edges  of  these 
boards  are  not  continued  so  &r  as  to  join  to  the  back  of  the 
next  float,  because  that  would  make  all  the  boards  of  the 
wheel  closie,  and  prevent  the  free  escape  of  the  w  when  the 
water  entered  into  the  space  between  tne  floats. 

As  the  water  strikes  with  some  force,  the  rising-boards  are 
very  necessary  to  prevent  the  water  frpm  dashing  over  the 
float-bpards  into  the  interior  of  the  wheel. 

Th^  is  the  form  of  breast-wheel  employed  by  Mr.  Smeaton 
in  the  gr^al;  number  of  mills  which  he  constructed ;  but 
plthough  he  speaks  of  the  impulse  of  the  water  striking  the 
wheel,  he  always  endeavoured  to  make  the  top  of  the  breast- 
ing, or  crown  of  the  fall,  as  high  fis  possible ;  so  as  to  attain 
the  greatest  fall  and  the  least  of  the  impulsive  action.  All 
rivers  and  streams  of  water  are  subject  to  variation  in  height 
from  flood3  or  ^y  seasons,  and  in  some  this  b  very  consider- 
able: it  was  therefore  necessary  to  make  the  crown  I  of  the 
fail,  at  such  a  height  as  that,  in  the  lowest  state  of  the  water 
R,  it  .would  run  over  the  crown  in  a  sheet  of  three  or  &nir 
inches  in  thickness,  and  work  the  wheel.  When  the  water 
rose  higher  in  the  mill-dam,  it  would  then  have  a  pressure  to 
force  it  through,  and  in  th^  case  would  strike  the  wheel  so 
SIS  to  impel  it  by  the  velocity, 

Mr.  Smeaton  was  well  aware  that  the  power  communicated 
by  this  impulse  was  very  small.  In  some  cases,  where  the 
water  was  very  subject  to  variation,  he  used  a  false  or  mov- 
able crown,  that  is,  a  piece  of  wood  which  fitted  to  the  crown 
I,  and  raised  the  surfi^e  thereof  a  foot  or  more,  so  as  to  obtain 
the  greatest  fall  when  the  water  stood  at  a  mean  height;  but 
>vhen  the  water  sunk  too  low  to  run  over  this  movable 
i.'rpwn|  it  could  be  drawn  up  to  admit  the  water  beneath  iti 
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ThiB  effect  has  since  been  produced  in  a  more  perfect  manner 
by  maldng  the  crown  of  the  fall  a  movable  shuttle,  to  rise  and 
aQ  acoordiiig  to  the  height  of  the  water  in  the  mill-dam,  by 
vhidi  means  the  inconvenience  before-mentioned  is  avoided. 

IMPROVED  BRSA8T-WHREL,  IN  WHICH  THB  WATBB  RUNS  OVSR 
TH£  SHUTTLB. 

FiG.llOis  a  section  of  one  of  this  kind.  A  is  the  water 
wfaidi  is  made  to  flow  upon  the  float-board  B,  and  urges 
the  wheel  by  its  weight  only,  the  water  being  prevented 
fitom  eso^ing^  or  flowing  o£F  the  float^boards  by  the  breast 
or  sweep  D  D,  and  the  vde^walls  which  enclose  the  floats 
of  Uie  wheel.  The  upper  part  of  the  breast  D  D  is  made 
by  a  cast-iron  plate,  curved  to  the  proper  sweep  to  line  with 
the  stone-woni.  On  the  back  of  the  cast-iron  plate  the 
moving  shuttle  e  is  applied;  it  fits  close  to  the  cast-iron  so  as 
to  prevent  the  water  from  leaking  between  them,  and  the 
water  runs  over  its  upper  edge.  F  is  an  iron  groove  or 
channel  let  into  the  masonry  of  the  side-walls,  and  in  these, 
the  ends  of  the  sliding  shuttle  are  received; /is  an  iron  rack, 
which  is  applied  at  the  back  of  the  shuttle,  and  ascends  above 
the  vaiter-line  where  the  pinion  g  is  applied  to  it  to  raise  or 
kfcrer  the  shuttle.  The  axis  of  the  pinion  is  supported  in  a 
lame  of  wood  1 1,  MI  is  a  toothed  sector  and  balimce-weight, 
vUch  bears  the  shuttle  upwards,  or  it  mi^ht  otherwise  £Edl 
down  by  its  own  we^ht,  and  put  the  mul  in  motion  when 
not  intended.  G  is  a  strong  planking,  which  is  fixed  across 
between  the  two  side-walls,  and  retains  the  water  when  it 
rises  very  high,  as  in  time  of  floods;  but  in  common  times 
the  water  rises  only  a  few  inches  above  the  lower  edge  of  the 
planldog.  When  the  shuttle  is  drawn  up  to  touch  this  lower 
edge,  the  water  cannot  escape;  but  when  the  shuttle  is 
lowered  down,  it  opens  a  space  e  through  which  the  water 
flows  upon  the  float-boards  of  the  wheel. 

Fig.  Ill  is  a  section  of  the  most  improved  form  for  a 
breast-wheel,  taken  from  the  Royal  Armoury  Mills  at  Enfield 
Lock,  erected  by  Messrs.  Lloyd  and  Ostel.  The  general 
description  of  this,  is  like  the  former,  but  it  is  constructed  in 
a  better  manner,  and  unites  strength  with  durability.  The 
breait  of  masonrv  is  surmounted  by  a  cast-iron  plate  A, 
24  feet  high,  which  is  let  into  the  masonry  of  the  side- walls 
at  each  end,  and  the  lower  part  is  formed  with  a  flanch,  by 
which  it  is  bolted  to  th^  stone  breast  at  top.  This  plate  is 
piade  straight  at  the  back  for  the  shuttle  B  to  lie  against, 
tmA  it  slides  up  and  down.    The  ends  of  the  gate  are  guided 
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by  iron  grooTe  pieces  or  channds  which  are  let  into  the 
gtone-work  of  the  side  walls^  and  being  made  wedge-13ie^ 
they  fix  the  ends  of  the  cast-iron  breast,  fast  in  its  place. 
Hie  grooves  are  not  upright^  but  inclined  to  the  perpencKcular 
so  much,  that  the  plane  of  the  gate  is  at  riffht  angles  to  a 
radius  of  the  wheel  drawn  through  the  point  where  the  water 
falls  upon  the  wheel.  D  is  a  strong  plank  of  wood,  extended 
between  the  iron  grooves  just  ova:  the  dmttle*  When  the 
shuttle  b  drawn  up  it  comes  in  contact  vntb  the  lowor  side 
of  this  piece  of  wood,  and  £tops  the  water;  but  the  piece  D  is 
fixed  at  such  a  height,  that  the  water  will  run  dear  beneath 
it,  unless  its  surface  rises  above  its  mean  height. 

The  float-boards  of  the  wheel  do  not  point  to  the  centre  of 
the  wheel,  but  are  so  much  inclined  thereto  that  they  are 
exactly  horizontal  at  the  point  where  the  water  first  flows 
upon  them.  In  this  way,  the  gravity  of  the  water  has  its  M 
effect  upon  the  whed,  and  the  boards  rise  up  out  of  the  tafl- 
water  in  a  much  better  position,  than  if  they  pointed  to  the 
centre  of  the  whed;  this  is  more  particularly  observable 
when  the  wheel  is  flooded  by  tail-water  penned  up  in  the 
lower  part  of  the  race,  so  that  it  cannot  run  fredy  away  from 
the  wheel.  The  dimensions  of  this  wheel  are  as  follows: 
diameter  18  feet  to  the  points  of  the  floats,  and  14  feet 
wide;  the  float-boards  are  40  in  number,  each  16  inches 
wi&,  and  each  rising-board  11  inches  wide.  The  wheel  is 
formed  of  four  cast-iron  cirdes  or  wheels,  each  14  feet 
8  inches  diameter,  placed  at  equal  distances  upon  the  central 
axis,  which  is  14  feet  8  inches  long  between  the  necks  or 
beax^gs,  and  9  inches  square;  the  bearing-necks  are  9| 
inches  diameter.  The  wheel  is  calculated  to  make  four  revo- 
lutions per  minute,  which  gives  near  3^  feet  per  second  for 
the  velocity  with  which  the  float-boards  move.  The  fell  of 
water  is  six  feet,  and  the  power  of  the  wheel,  whoi  the 
shuttle  is  drawn  down  one  foot  perpendicular,  equal  to 
28-horBe  power. 

BRBAST-WH££L  WITH  TWO  SHUTTLBS. 

In  this  wheel  the  piece  of  wood  marked  D  in  the  last 
figure,  is  fitted  into  the  groove  of  the  shuttle,  and  is  provided 
with  racks  and  pinions  to  slide  up  and  down,  independently  of 
the  lower  shuttle.  This  enables  the  lower  shuttle  to  rise  and 
fall,  according  to  the  height  of  the  water.  So  that  the  water  shall 
always  run  over  the  top  of  it,  in  the  proper  quantity  to  work 
the  mill  with  its  required  velocity,  wlulstthe  upper  shuttle  is 
only  used  to  stop  the  mill  by  shutting  it  down  upon  (he 
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fewer  shattle,  and  preTenting  the  water  from  ronning  orer  it. 
Hug   plan  is  used  when  the  mill  us  to  be  regulated  by  a 
governor,  or  machine  to  govern  its  velocity;  in  that  case  the 
goremor  is  made  to  operate  upon  the  lower  shuttle,  and  will 
rabe  it  up,  or  lower  it  down,  according  as  the  mill  takes  too 
much  or  too  little  water,  and  this  reguhites  the  supply ;  but 
the  upper  shuttk  is  used  to  stop  die  mill,  and  by  ttus  means 
the  ad|}uitmeDt  of  the  lower  shuttle  is  not  destroyed,  but 
when    set  to  work  again,  it  will  move  with  its  required 
velocity.    Fig.  101  is  a  section  of  one  of  the  water-wheels 
at  tbe  cotton-milk  of  Messrs.  Strutt,  at  Belper,  in  Derby- 
shire.    The  widA  of  diis  wheel  is  very  grea^  and  to  render 
the  shuttles  A  B   firm,   a  strong  erating  of  cast-iron   is 
fixed  on  the   top  of  the  breast  K,  and  the  shuttles  are 
if]^ied  at  the  baw  of  the  grating  E,  so  as  to  slide  up  and 
dimn  against  it,  the  strain  occasioned  by  the  pressure  of  the 
water   being  borne  by  the  grating.    The  lower  shuttle  is 
mored  by  means  of  long  screws,  a,  which  have  bevelled 
wheels|y  b,  at  the  upper  ends,  to  turn  diem,  bv  a  connection 
cf  wheel- work  with  the  wheel- wOrk  of  the  mill.    The  upper 
shsttle^  A,  is  drawn  up  or  down  by  racks  and  pinions,  r, 
irUdi  are  turned  by  a  winch,  or  handle.    The  bars  of  the 
pitiBg  £  are  placed  one  above  the  other,  like  shelves,  but 
mt  Bo^  horizontal;  they  are  inclined,  so  that  the  upper  sur-^ 
Jkcs  €if  all  the  bars  form  tangents  to  an  imaginary  circle  of 
ooe-Uurd  the  diameter  of  the  wheel,  described  round  the 
eentre  thereof.    These  bars  are  not  above  half  an  inch  thick, 
and  the  spaces  between  tbem  are  2\  inches.    The  bars  are  of 
a  considerable  breadth,  the  object  of  them  being  to  lead  the 
water^  with  a  proper  slope  firom  the  top  of  the  lower  shuttle 
B,  to  flow  upon  the  floats  of  the  wheel.    This  disposition 
allows  the  shuttles  to  be  placed  at  such  a  distance  from  the 
wheel  as  to  admit  very  strong  uprij^t  bars  of  cast-iron  to 
be  placed  between  the  wheel  and  ttie  shutdes,  for  the  shuttles 
to  bear  agaiatBt^  and  prevent  them  from  bending  towards  the 
wheel,  as  the  great  weij^  of  water  would  otherwise  occasion 
them  to  do.    These  imright  bars  are  veiy  firmly  fixed  to 
the  8tone*wcyrk  of  the  br^ist  at  their  lower  ends,  and  the 
oppet  ends  are  fMtened  to  a  huge  timber,  D,  which  is  sup- 
ported at  its  ends  in  the  side  widls,  and  bias  a  truss-firamtng 
apfdied  to  the  back  of  it,  like  the  framina  of  a  roof,  to  prevent 
it  firom  bfnding  towards  the  wheel.    The  upright  Imrs  are 
placed  at  diitaaeea  of  five  feet  asunder,  so  as  to  support  the 
i»hiitties  in  two  places  in  the  middle  of  their  length,  as  well 
as  at  boUi  ends ;  8m4  bcge  roUers  are  applied  in  the  shuttle. 


Digitized 


by  Google 


92  THB  OPBRATIVB  MBCHANIC 

where  it  bears  agwist  these  bars^  to  diminbh  the  friction, 
which  would  otherwise  be  very  great* 

These  precautions  wiU  not  ^P^&i^  unnecessary  when  the 
size  of  the  work  is  known.  The  wheel  b  21^  feet  in  dia- 
meter, and  15  feet  broad;  the  fall  of  water  is  14  feet,  when 
it  is  at  a  mean  height ;  the  upper  shuttle  is  2^  feet  high,  and 
15  feet  long;  the  lower  shuttle  is  five  feet  high,  and  the  same 
length,  so  that  it  contwis  75  square  feet  of  surface  exposed 
to  the  pressure  of  the  water;  now  taking  the  centre  of 
pressure  at  two-thirds  of  the  depth,  or  S^  feet,  we  find 
the  pressure  equal  to  that  depth  of  water  acting  on  the  whole 
surface;  that  is,  the  weight  of  3^  cubic  feet  of  water  =  206 
pounds,  bears  on  every  square  foot  of  surface,  which  is  equal 
to  15,600  pounds,  or  near  seven  tons,  on  the  lower  shuttle 
only;  but  if  we  take  the  two  shuttles  together,  the  sur&ce  is 
112  square  feet,  and  the  mean  pressure  312  pounds  upon 
each,  or  16  tons  in  the  whole.  The  wheel  has  40  float- 
boards  pointing  to  the  centre.  The  wheel  is  made  of  cast-iron. 
There  are  two  wheels  of  the  dimensions  above  stated,  which 
are  placed  in  a  line  with  each  other,  and  are  only  separated 
by  a  wall  which  supports  the  bearings;  for  they  work:  toge- 
ther as  one  wheel,  and  the  separation  is  only  to  obviate  the 
difficulty  of  making  one  wheel  of  such  great  breadth  as  90  feet, 
though  this  is  not  impossible,  for  there  is  a  wheel  in  the  same 
works  40  feet  in  breadth,  but  it  is  of  wood  and  not  iron,  and 
is  framed  in  a  particulfMr  manner. — ^Dr.  Rees's  Cyclop€Bdia. 

DR.   BARKBR's   mill. 

Dr.  Dbsaguubrs  appears  to  have  been  the  first  who  pub- 
lished an  account  of  this  machine.  He  ascribes  the  invention 
to  Dr.  Barker,  in  the  following  words  :  "Sir  George  Savill  says, 
he  had  a  mill  in  Ldncolnshire  to  grind  com,  which  took  up  so 
much  water  to  work  it,  that  it  sunk  his  ponds  visibly,  for 
which  reason  he  could  not  have  constant  work ;  but  now,  by 
Dr.  Barker's  improvement,  the  waste  water  only  from  Sir 
George's  ponds  keeps  it  constantly  to  work." 

Dr.  Barker's  mill  is  shown  in  fig.  102,  where  CD  is  a 
vertical  axis,  moving  on  a  pivot  at  D,  and  canying  the  upper 
millstone  m,  after  passing  through  an  opening  m  the  fixed 
millstone  C.  Upon  this  axis  b  fixed  a  vertical  tube  TT, 
conmninicating  with  a  horizontal  tube  A  B,  at  the  extremities 
of  which.  A,  B,  are  two  apertures  in  opposite  directions. 
When  water  from  the  millcourse  M  N  b  introduced  into  the 
tube  TT,  it  flows  out  of  the  apertures  A,B,  and,  by  the 
redaction  or  counterpressure  of  the  IssuiAg  water,  the  arm  AB. 
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and  conseqaently  the  whole  machine,  is  put  in  motion. 
Hie  Inidgetree  a  b  is  elevated  or  depressed  by  turning  the 
not  c  at  the  end  of  the  lever  c  b.    In  order  to  understand 
how  tlus  motion  is  produced,  let  us  suppose  both  the  aper- 
tures shut,  and  the  tube  TT  filled  with  water  up  to  T.    The 
apertures  A,  B,  which  are  shut  up,  will  be  pressed  outwards 
by  a  fence  equal  to  the  weight  of  a  column  of  water  whose 
height  is  TT^  and  whose  area  is  the  area  of  the  apertures. 
£Tery  part  of  the  tube  AB  sustains  a  similar  pressure;  but 
as   these  pressures  are  balanced  by  equal    and    opposite 
psessnres,  the  arm  A  B  is  at  rest.    By  opening  the  f^erture 
as  A9  howerer,  the  pressure  at  that  place  is  removed,  and 
consequently  the  arm  is  carried  round  by  a  pressure  equal  to 
that  <k  a  colunm  T  T,  acting  upon  an  area  equal  to  that  of 
the  apotore  A.    The  same  thing  happens  on  the  arm  T  B ; 
and  these  two  pressures  drive  die  arm  AB  round  in  the 
aame  direction.    This  machine  may  evidently  be  applied  to 
drive  any  kind  of  machinery,  by  fixing  a  wheel  upon  the 
Tertical  axis  C  D. 

In  the  preceding  form  of  Barker^s  mill,  the  length  of  the 
ans  C  D  must  always  exceed  the  height  of  the  fall  N  D, 
and  therefiore  when  the  &11  is  very  h^h,  the  difficulty  of 
erecting  such  a  machine  would  be  great.    In  order  to  remove 
te  difficulty,  M.  Mathon  de  la  Cour  proposes  to  introduce 
tk  water  fircmi  the  millcourse  into  the  horizontal  arms  A,  B, 
wfaidi  are  fixed  to  an  upright  spindle  C  T,  but  without  any 
tobe  T  T.    The  water  will  obviously  issue  from  the  apertures 
A9  B,  in  the  same  manner  as  if  it  had  been  introduced  at  the 
tapcia  tube  TT  as  high  as  the  fall.    Hence  the  spindle 
C  J>  may  be  made  as  short  as  we  please.    The  practical 
difficulty  which  attends  this  form  of  the  machine,  is  to  give 
the  arms  A,  B,  a  motion  round  the  mouth  of  the  feeding  pipe, 
wbidi  enters  the  arm  at  D,  without  any  great  friction,  or 
any  considerable  loss  of  water.    This  form  of  the  mill  is 
shown  in  fig.  103,  where  F  is  the  reservoir,  K  the  diillstones, 
K  D  the  vertical  axb,  F£C  the  feeding  pipe,  the  mouth  of 
which  enters  the  horizontal  arm  at  C.    In  a  machine  of  this 
kind  which  M.  Mathon  de  la  Cour  saw  ^t  Bourg  Argental, 
A  B  was  92  inches,  and  its  diameter  three  inches ;  the  dia- 
meter of  each  orifice  was  H  inch,  FG  was  21  feet;  the 
internal  diameter  of  D  was  two  inches,  and  it  was  fitted  into 
C  by  grinding.    This  machine  made  115  turns  in  a  minute 
when  it  was  unloaded,  and  emitted  water  by  one  hole  only. 
The  machine,  when  empty,  weighed  80  pounds,  and  it  was 
half  Bupported  by  the  upward  pressure  of  the  water. 
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This  improvement,  which  was  first  given  by  M.  Mathon  de 
la  Cour,  in  the  Journal  de  Physiaue,  177^9  appeared  twenty 
years  afterwards  in  the  American  FhUoiophicaL  TroMoeHoMj 
as  the  invention  of  a  Mr.  Ramsey;  and  Mr.  Waring,  who  in- 
serted the  accomit,  contrary  to  every  other  philosopher,  makes 
the  effect  of  the  machine  only  equal  to  thi^  dl  a  good  mider- 
shot  wheel,  moved  with  the  same  quantity  (rf  water  fidling* 
through  the  same  hei^t. 

Dr.  Gregory,  in  his  Mechanics^  vol.  ii.  has  given  this 
pi4>er  with  some  corrections,  and  recommoids  it  as  the  hetft 
theory.  The  following  rules,  deduced  from  his  calcuhis, 
may  be  of  use  to  those  who  wish  to  make  experiments  on 
the  effect  of  this  interesting  machine. 

1.  Make  each  arm  of  the  horizontal  rotatorv  tube  or  ami 
of  any  convenient  length,  from  the  centre  <^  motion  to  the 
centre  <£  the  apertures,  but  not  less  than  one-third  (one- 
ninth,  according  to  Mr.  Gregory)  of  the  perpendicular  height 
of  the  water's  sur&ce  above  their  centres. 

2.  Multiply  the  length  of  the  arm  in  feet  by  .6196^  and 
take  the  square  root  of  the  product  for  the  proper  time  of  a 
revolution  in  seconds,  and  adiqpt  the  other  paits  of  the  nm- 
chinery  to  this  velocity;  or  if  the  required  time  of  a  revoiution 
be  given,  nmltiply  the  square  of  this  time  by  1.629  for  the 
proportional  length  of  the  arm  in  feet. 

3.  Multiply  together  the  breadth,  depth,  and  velocity  per 
second,  of  the  race,  and  divide  the  last  product  by  18.47 
times  (14.27>  according  to  Mr.  Gregory)  the  square  root  of 
the  heiffht,  for  the  area  of  either  aperture. 

4.  Multiply  the  area  of  either  aperture  l^  the  height  of 
the  Call  of  water,  and  the  product  by  4H  pounds  (55.77^, 
according  to  Mr.  Gregory)  for  the  moving  force,  estimated 
at  the  centres  of  the  apertures  in  pounds  avoirdupois. 

5.  The  power  and  velocity  at  the  aperture  may  be  eaaty 
reduced  to  any  part  of  the  machinery  by  the  simplest  me- 
chanical rules. 

TIDE-MILLS. 

TiDK-MiLLs,  as  their  name  imports,  are  such  as  employ 
for  their  first  mover  the  flowing  and  ebbing  tide,  either  in 
the  sea  or  a  river. 

Mills  of  this  kind  have  not  often,  we-beHeve,  been  erected 
in  England,  tiiough  several  of  our  rivers,  and  particularly 
the  Thames,  the  Humber,  and  the  Severn,  in  which  the  tide 
rises  co  a  great  height,  furnish  a  very  |K>werful  mover  to 
drive  any  kmd  of  maclunery,  and  would  allow  of  tide-mflls 
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bong  wtrj  adrantageously  constructed  upon  their  banks. 
The  erection  of  such  miUs  is  not  to  be  recommended  uni- 
*cnall]r,  as  they  are  attended  with  a  considerable  original 
opaise ;  beside  that^  some  of  their  parts  will  require  frequent 
RpaiTB :  but  in  some  places,  where  coal  is  very  dear,  they 
my,  on  the  whole,  be  found  less  expensive  than  steam- 
cngiiies  to  perform  tjie  same  work,  and  may,  on  that  account, 
be  prcfcrrea  even  to  them. 

We  have  not  been  able  to  ascertain  who  was  the  first 

contriver  of  a  tide-ndll  in  this  country,  nor  at  what  time  one 

was  first  erected.     The  French  have  not  been  so  negligent 

jwpectmgthe  origin  of  this  important  invention,  as  to  let 

it  dn^  into  obscurity ;  but  have  taken  care  to  inform  us 

that  soch  mills  were  used  in  Prance  early  in  the  last  century. 

Bdidor  mentions  the  name  of  the  inventor,    at  the   same 

time  diat  he  states  some  peculiar  advantages  of  this  species 

of  machine.     **  L*on  en  attribue,"  says  he,  **  la  premiere 

rarention  k  nn  nommd  Perse,  msdttre   charpentier  de  Dun- 

^xTfpe,  que  m^rite  assur^ment  beaucoup  d'^loge,  n'y  ayant 

point  (te  ^oire  plus  di^pie  d'un  bon  citoyen,  que  celle  de 

pfodmre   quelqu  invention    utile   k   la  soci^t^.      En  effet, 

cwnMen  n*y  a-t'-il  point  de  choses  essentielles  2k  la  vie,  dont 

«  nc  connott  le  prix   que   quand   on  en  est  priv^ :   les 

iBoifins  en  g^n^ral  sont  dans  ce  cas-U.    On  doit  s9avoir  bon 

pi  i  ceux  qui  nous  ont  mis  en  ^tat  d'en  construire  partout : 

P»  exemple,    k  Calais,    comme  il  n*y  serpente  point  de 

'^vftres,  on  n'y  apoint  feit  jusqu'ici  de  moulins  k  eau,  et  ceux 

qui  vont  par  le  vent  chdmant  une  partie  de  Fannie,  il  y  a  des 

^^  oft  cette  vine  se  trouve  sans   fEurine,  et  j*ai  vu    la 

pnusoQ  en  IJ^,  oblige  de  fture  venir  du  pain  de  Saint-Omer, 

ttiEea  qa'en  se  servant  dn  flux  et  reflux  de  la  mer,  on  pour- 

>vt  construire  autant  de  moulins  k  eau  que  Ton  voudroit :  il 

J  2  d'aotres  villes  dans  le  voisinage  de  la  mer  sujettes  au 

°Aiie  inconvenient,  parcequ'apparemmeiit  elles  ignorent  le 

nwTOi  d'y  remddier.*' 

Klls  to  be  worked  by  the  rising  and  falling  of  the  tide, 
^*™l  of  great  variety  in  the  essential  parts  of  their  con- 
traction; but  this  variety  may  perhaps  be  reduced  to  four 
SPicnl  beads,  according  to  the  manner  of  action  of  the 
I  ^^ter-whed.  1 .  The  water-wheel  may  turn  one  way  when 
1  *fi  tide  rises,  and  the  contrary  when  it  falls.  2.  The  water- 
^k«d  may  be  made  to  turn  always  hi  one  direction. 
3|The  witer-wheel  may  fkll  and  rise  as  the  tide  ebbs  and 
«^«.  4.  The  axle  of  the  water-wheel  may  be  so  fixed  as 
««t  it  shaU  neither  rise  nor  fell,  though  the  rotatory  motion 
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shall  be  giren  to  the  wheels  while  at  one  time  it  is  ardf 
partly,  at  another  completely,  immersed  in  the  fluid.  In  the 
mills  we  have  examined,  says  Dr.  Gregory,  the  first  and  third  of 
these  divisions  have  been  usually  exemplified  in  one  machine  ; 
and  the  second  and  fourth  may  readily  be  united  in  another : 
we  shall,  therefore,  speak  of  them  under  two  divisions  on  y. 

1.  When  the  vrater- wheel  rises  and  falls,  and  turns  one 
way  with  the  rising  tide,  and  the  contrary  when  it  ebbs.  In 
order  to  explain  the  nature  of  this  species  of  tide-mills,  we 
shall  describe  one  which  has  lately  been  erected  on  the 
right  bank  of  the  Thames,  at  East- Greenwich,  under  the 
cUrection  of  Mr.  John  Lloyd,  an  ingenious  engineer  of 
Brewer's-green,  Westminster. 

This  mill  is  intended  to  grind  com,  and  works  eight  pair 
of  stones.  The  side  of  the  mill-house  parallel  to  the  course 
of  the  river,  measures  40  feet  within ;  and  as  the  whole  of  tiiis 
may  be  opened  to  the  river  by  sluice-gates,  which  are  carried 
down  to  the  low  water-mark  m  the  river,  there  is  a  40  feet 
waterway  to  the  mill :  through  the  waterway  the  water 
presses  during  the  rising  tide  mto  a  large  reservoir,  which 
occupies  about  four  acres  of  land ;  and  beyond  this  reservoir 
is  a  smaller  one,  in  which  water  is  kept,  for  the  purpose  of 
being  let  out  occasionally  at  low  water  to  cleanse  the  whole 
works  from  mud  and  sediment,  which  would  otherwise^  in 
time,  clog  the  machinery. 

The  water-wheel  has  its  axle  in  a  position  parallel  to  the 
side  of  the  river,  that  is,  parallel  to  the  sluice-gates  which 
admit  water  from  the  river ;  the  length  of  this  wheel  is  26 
feet,  its  diameter  11  feet,  and  its  number  of  float-boards  32. 
These  boards  do  not  each  run  on  in  one  plane  from  one  eud 
of  the  wheel  to  the  other,  but  the  whole  length  of  the  wheel  is 
divided  into  four  equal  portions,  and  the  parts  of  the  float-boards^ 
belonging  to  each  of  these  portions,  fall  gradually  one  lower  than 
another,  each  by  one-fourth  of  the  distance  irom  one  board 
to  another,  measuring  on  the  circumference  of  the  wheel. 

This  contrivance,  which  will  be  better  understood  by  refer- 
ring to  fig,  104,  is  intended  to  equalize  the  action  oi  water 
upon  the  wheel,  and  prevent  its  moving  by  jerks.  The  wheel^ 
with  its  incumbent  apparatus,  weighs  about  20  tons,  tlie  whole 
of  which  is  raised  by  the  impulse  of  the  flowing  tide,  when 
admitted  through  the  sluice-gates.  It  is  placed  in  the  middle 
of  the  waterway,  leaving  a  passage  on  each  side  of  about  six 
feet,  for  the  water  to  flow  into  the  reservoir,  besides  that  which, 
in  its  motion,  turns  the  wheel  round.  Soon  after  the  tide  has 
risen  to  the  highest,  (which  at  this  mill  is  often  20  feet  above 
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the  low  water-maik^)  the  water  is  permitted  to  run  back 
again  from  the  resenroir  into  the  river,  and  by  this  means  it 
gives  a  rotatory  motion  to  the  water-wheel,  in  a  contrary 
flection  to  that  with  which  it  moved  when  impelled  bv  the 
iking  tide  :  the  contrivance  by  which  the  wheel  is  raised  and 
depressed,  and  that  by  which  the  whole  interior  motions  of 
the  mill  are  preserved  in  the  same  direction,  although  that  in 
which  the  water-wheel  moves  is  changed,  are  so  truly  inge- 
nious as  to  deserve  a  distinct  description,  illustrated  by 
dii^ramB.  Let,  then,  AB  (fig  105)  be  a  section  of  the 
water-iHieel,  1,  2,  3,  4,  5,  &c.  iu  floats ;  C  D  the  first  cog- 
wheel upcni  the  same  axis  as  the  water-wheel ;  the  vertical 
shaft  F£  carries  the  two  equal  wallower-wheels  £  and.F, 
which  are  so  situated  on  the  shaft  that  one  or  other  of  them 
may,  as  occasion  requires,  be  brought  to  be  driven  by  the 
first  wheel  C  D ;  ancl  thus  the  first  wheel  acting  upon  F  and 
£  at  pmnta  diametrically  opposite,  will,  although  its  own 
motion  b  reversed,  communicate  the  rotatory  motion  to  the 
Tertical  shaft  always  in  the  same  direction.  In  the  figure 
the  wheel  £  is  Khown  in  geer,  while  F  is  clear  of  the  cog- 
>rheel  CD;  and  at  the  turn  of  the  tide  the  wheel  F  is  let 
into  geer,  and  £  is  thrown  out ;  this  is  efiected  by  the  lever 
G,  whose  fulcrum  is  at  H,  the  other  end  being  suspended  by 
tibe  rack  K,  which  has  hold  of  the  pinion  L  on  the  same  axle 
is  the  wheel  M;  into  this  wheel  plavs  the  pinion  N,  the 
winch  O,  on  the  other  end  of  whose  axle,  furnishes  sufficient 
-advantage  to  enable  a  man  to  elevate  or  depress  the  wallower- 
wheels,  as  required. 

The  centre  of  the  lever  may  be  shown  more  clearly  by 
fig.  104,  where  a  i  is  a  section  of  the  lever,  which  is  com- 
posed of  two  strong  bars  of  iron,  as  a  i  ;  there  are  two  steel 
studs  or  pins  which  work  in  the  grooves  of  the  grooved  wheel 
I,  this  wheel  being  fixed  on  the  four  rods  surrounding  the 
riiaft,  of  which  three  only  can  be  shown  in  the  figures,  as 
xde;  the  ends  of  these  are  screwed  fast  by  bolts  to  the 
sockets  of  tHe  wallower-wheels,  and  they  are  nicely  fitted 
on  the  vertical  shaft,  so  as  to  slide  with  little  friction  ;  thus 
the  waDowers  may  be  raised  or  lowered  upon  the  upright 
shaft,  while  the  gudgeon,  on  which  it  turns,  retains  the  same 
ponUon. 

When  the  top  wallower  is  in  geer,  it  rests  on  a  shoulder 
that  prevents  it  from  going  too  far  down ;  and  when  the 
hoUom  one  is  in  geefr,  there  is  a  boh  that  goes  through  the 
top  wheel  socket  and  shaft  which  takes  the  weight  from  the 
lever  G,  at  the  same  time  that  it  prevents  much  friction  on 
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file  Btuds  or  (Mnftof  tiie  Icrer  wlikh  irocloi  ia  the  groovri 
wheel  I. 

When  the  tide  is  flewing,  after  the  mill  hae  stopped  a  inC- 
ficient  time  to  gain  a  mo&iate  head  of  water,  the  fluid  is 
suffered  to  enter  and  faU  upon  the  wheel  «t  the  ibuoe  Q| 
(fig.  105^)  and  the  tail  water  to  run  out  at  the  sluice  R» 

The  hydrostatic  pressure  of  the  head  of  water  acting  agaimt 
the  bottom  of  the  wheel -frame  S,  and  at  the  same  time  act- 
ing between  the  folding-gates  T  W^  which  are  thus  oraverted 
into  very  large  hydrostatic  bellows,  buoys  up  the  wheel  aad 
frame,  (though  weighing,  as  before  observed,  nearly  20  tons,) 
and  makes  them  graduidly  to  rise  higher  and  higtier,  so  that 
the  wheel  is  never,  as  the  workmen  express  it,  drowned  in  the 
flowing  water ;  nor  can  the  water  escape  under  the  wheel- 
frame,  being  prevented  by  the  folding-gates,  which  pass  from 
one  end  to  the  other  of  the  wheel.  In  this  way  we  wbed 
and  frame  are  buoyed  up  by  a  head  of  four  feet ;  and  the  mill 
works  with  a  head  of  5  or  5^  feet. 

When  the  tide  is  ebbing,  and  the  water  from  the  reservoir 
running  back  again  into  the  river,  it  might,  perhaps,  be  ex- 
pected that  in  consecpitence  of  the  gradual  subsiding  oi  tite 
water,  the  water- wbed  should  as  ^adnally  lower  ;  but  lest 
any  of  the  water  confined  between  the  wheel-frame  at  S,  and 
the  folding-gates  T  W,  should  prevent  thii^  there  are  strong 
rackworks  of  cast-iroBi,  b^  which  the  wheel-frame  can  be 
either  suspended  at  any  akitude,  or  gradually  let  down  so  as 
to  give  the  water  returning  fr^m  the  reservoir  an  advantageous 
head  upon  the  wheel ;  then  the  sluice  R  is  shut,  and  V  opened 
as  well  as  X,  the  water  entering  at  X  to  act  upon  the  wheel, 
and  flowing  out  at  R.  The  upper  surfoce  of  the  wheel-frame 
is  quadrangular,  and  at  each  angle  is  a  strong  cast-iron  bar, 
which  slides  up  and  down  in  a  proper  groove,  that  admits  d 
the  vertical  motion,  but  prevents  all  such  lateral  deviatioo 
as  might  be  occasioned  by  the  impulsion  of  the  stream. 

At  each  end  of  the  water-whed  there  is  a  vertical  shaft, 
with  wallowers  and  a  first  cog-wheel,  as  f*  E,  and  C  D ;  and 
each  of  these  vertical  shafts  turns  a  large  horizontal  wheel  at 
a  sukable  distance  above  the  wallowers,  while  each  boriaoutal 
wheel  drives  four  equal  jMtnions  ^aced  at  equal  or  quadrastal 
distances  on  its  periphery,  each  pinion  having  a  vertical 
^indle,.  on  the  upper  part  of  which  the  upper  anllatone  of 
its  respective  pair  is  fixed.  Other  wheels,  oriven  by  one  or 
other  of  these  pinions^  giving  motion  to  ihe  bolting  and 
dressing  macfaints,  and  diffisrent  subordinate  parts  of  the 
mill. 
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AMHyDi^  the  Tcrtieal  thaft  at  each  eild  of  thi^  tvatliC-^v^Ml 
■C8  and  Mb  with  that  wheels  yet  the  large  horizontal  wheel 
tvning  with  such  shaft  doea  not  Ukewise  rise  and  Ml,  but 
TCsuuna  always  in  the  same  horizontal  plane^  and  in  contact 
with  tbe  four  pinions  it  drives.  The  contrivance  for  thb 
porpose  is  very  simple,  but  very  ^bcaeiouss  each  grent 
horizontal  wheel  has  a  nave,  which  runs  upon  friction-ft)Uers, 
and  haa  a  sqnare  aperture  pasdng  through  it  vertically,  just 
huge  enough  to  aDow  the  shaft  P  to  slide  Ifreely  up  and  down  in 
il,  bat  not  to  turn  roond  without  commnnici^ing  its  rotatorv 
motioo  to  the  wheel ;  thus  the  weight  of  the  wheel  dauses  it 
to  pveaa  upon  the  friction-roUers,  and  retain  the  same  hori- 
woatiA  planes,  and  the  action  of  the  angles  of  the  vertical  shiA 
npOQ  the  c<»TC8ponding  parts  of  the  square  orifice  in  ibe 
nave  comes  it  to  partake  of  the  rotatory  motion,  such  motion 
bcii^  always  in  cme  direction,  in  consequence  of  the  eon^ 
trivanee  by  which  one  or  other  of  the  wallowers  E  F  is 
brought  into  contact  with  the  opposite  points  of  the  first  cog^ 

Sercnd  of  the  subordinate  parts  of  this  mill  are  admir* 
Mj  oonstmcted ;  but  we  can  only  notice  here  the  means  by 
wfaidi  the  directi<m  of  the  motion  in  the  dressing  and  bolt- 
ing machines  may  be  varied  at  pleasure.  On  a  vertical 
aiuJk  are  fixed,  at  the  distance  of  about  16  or  18  inches^  two 
eqinal  oog-wheels,  and  another  toothed-wheel,  attached  to  a 
bofixofital  azle^  is  made  so  as  to  be  movable  up  and  down  by 
a  acrew,  and  thus  brought  into  contact  with  either  the 
nppcr  or  lower  of  the  two  cojj;-wheels  on  the  vertical  shaft ; 
thus,  it  is  manifest,  the  motion  is  reversed  with  great  fiud*- 
Bty  by  changing  the  position  of  the  horizontal  axfe  bo  that 
Ae  wheel  upon  it  may  be  driven  by  the  two  cog-wheels 
aUtcmatdy.  A  wheel  and  pinion  woridng  at  the  <^r  end 
of  ttM  horisontal  axle  will  communicate  the  motion  to  the 
daisaiiia  machines. 

Mr.  W.  Dryden,  Bfr.  Lloyd's  foreman,  employed  in  the 
erection  of  this  miU,  suggests  that  a  nearly  similar  mode 
wmf  be  advantageously  adopted  in  woridng  dressing  ma« 
dHBea  in  wind-nuUs;  uree  wheels,  all  of  different  diui^eters, 
nay  be  employed,  two  of  them,  as  A  and  C,  turning  upon  a 
votical  shaft,  and  the  third,  B,  upon  an  inclined  one.  In 
fig.  106^  the  wheels  A  and  B  are  shown  in  geer,  while  C  is 
oat ;  and  if  A  be  struck  out  by  some  such  contrivance  as  is 
adopted  with  re^^ard  to  the  first  cog-wheel  and  wallowersj 
(fig.  104  and  106,)  C  would  come  in  contact  with  B^  while  A 
wSm  be  firee.  and  so  communicate  a  motion  to  B  tluB  reveiai 
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WBjr.  ,  By  this  contrivance  it  woufd  be  easy,  when  the  windr 
are  strong  and  give  a  rapid  motion  to  the  vertical  asde^  to 
bring  C  to  drive  B,  the  wheel  on  the  axle  of  the  dressing- 
machines;  and  on  the  contrary,  when  the  wind  is  slack, 
and  the  consequent  motion  of  the  machineiy  slow,  let  C  be 
thrown  out  of  geer,  and  the  wheel  B  driven  by  the  larger 
wheel  A,  as  shown  in  the  figure. 

We  should  have  been  glad  to  see  adopted  in  this  weB- 
constructed  mill,  a  contrivance,  recommended  and  pursued 
by  the  American  raill-wrights,  for  raising  the  ground  com  to 
the  cooling-boxes  or  beaches  from  which  it  is  to  be  con- 
veyed into  tiie  bolting-machine.  In  this  mill,  as  in  all  we 
have  seen,  the  com  is  put  into  bags  at  the  troughs  below  the 
mill-stones,  and  thence  raised  to  the  top  of  the  mill-house  by 
a  rope  folding  upon  barrels  turned  by  some  of  the  interior 
machinery  of  the  mill.  In  the  American  method,  a  large 
screw  is  placed  horizontally  in  the  trough  which  receives 
the  flour  from  the  mill-stones.  The  thread  or  spiral  line  of 
the  screw  is  composed  of  pieces  of  wood  about  two  inches 
broad  and  three  long,  fixed  into  a  wooden  cylinder  seven  or 
eight  feet  in  length,  which  forms  the  axis  of  the  screw. 
When  the  screw  is  turned  round  this  axis,  it  forces  the  meal 
,  from  one  end  of  the  trough  to  the  other,  where  it  falls  into 
another  trough,  from  which  it  is  raised  to  the  top  of  the  mill- 
house  by  means  of  elevators,  a  piece  of  machinery  similar  to 
the  chain-pump.  These  elevators  consist  of  a  chain  of  buckets, 
or  concave  vessels,  like  large  tea-cups,  fixed  at  proper 
distances  upon  a  leathern  band,  which  goes  round  two  wheels, 
one  of  which  is  placed  at  the  top  of  the  mill-house,  aini  the 
other  at  the  bottom,  in  the  meal-trough.  When  the  wheels 
are  put  in  motion,  the  band  revolves,  and  the  buckets,  dip- 
ping into  the  meal-trough,  convey  the  flour  to  the  upper  story, 
where  they  discharge  their  contents.  The  band  of  buckets 
is  enclosed  in  two  square  boxes,  in  order  to  keep  them  clean, 
and  preserve  them  from  injury. 

We  shall  now  proceed, 

2.  To  tide-mills,  in  which  the  axle  of  the  water-wheel 
neither  rises  nor  falls,  and  in  which  that  wheel  is  made  always 
to  revolve  in  the  same  direction.  A  water-wheel  of  this  kind 
tnust,  manifestly,  at  the  time  of  high-tide,  be  almost,  if  not 
entirely,  immerisied  in  the  fluid ;  and  to  constmct  a  wheel  to 
work  under  such  circumstances  is,  obviously,  a  matter  which 
requires  no  small  skill  and  ingenuity. 

The  first  person  who  devised  a  wheel  which  might  be 
turned  by  the  tide,  when  completely  immersed  in  it,  were 


Digitized 


by  Google 


AND  MACHINIST.  IDl 

Meun.  Gosset  and  De  la  Deuille.  Their  wheel  is  described 
hv  Belidor  in  nearly  the  following  terms.  Suppose  G  H 
(fig.  107}  to  denote  the  surface  of  the  water  at  high-tide,  the 
Iii^  LM  the  surfEu^e  at  low- water,  and  that  the  current  fol- 
lows the  directioQ  of  the  arrow  N ;  the  prohlem  is  to  construct 
the  wheel  so  that  it  may  always  turn  uppn  its  axis  IK. 
The  figure  just  referred  to  is  a  profile  of  an  assemblage  of 
carpentry,  which  must  be  repeated  several  times  along  the 
arbor,  according  to  the  lengtli  which  it  is  proposed  to  give  to 
the  float-boards ;  and  the  planks  or  plates  which  compose 
these  floats,  must  be  hung  to  the  other  parts  of  the  fi*ame  by 
as  many  jomts  as  are  necessary,  to  enable  them  to  sustain 
the  impulse  of  the  water  without  bending.  The  sofe  pecur 
liarity  of  this  wheel  consists  in  hanging  upon  the  transverse 
beams  in  the  frame-work,  by  hinges,  the  planks  which  are  to 
compose  the  float-boards ;  so  that  they  may  present  them- 
selves in  Catce,  as  D,  D,  D,  when  they  are  at  the  bottom  of  the 
wheel,  to  receive  the  fiill  stroke  of  the  stream ;  and,  on  the 
contrary,  fliey  present  only  their  edges,  as  A,  A,  A,  when 
they  aire  brought  towards  the  sumnxit  of  the  wheel ;  hence, 
the  water  having  a  far  greater  effect  upon  the  lower  than  the 
upper  parts  of  the  wheel,  compels  it  to  revolve  in.  the  order 
€i  the  letters;  instead  of  which,  if  the  float-boards  were 
fixed  as  in  the  usual  way,  the  impulse  of  the  fluid  upon  the 
wheel  would  be  nearly  the  same  in  all  its  parts,  and  it  would 
jcm^n  immovable. 

We  see,  at  once,  that  the  boards  D,  D,  D,  having  moved 
towards  M,  then.begin  to  float,  as  at  £,  £,  £,  and  more  still 
at  F,  F,  F,  but  that  it  is  not  till  they  arrive  at  A,  A,  A,  that 
they  attain  the  horizontal  position  ;  after  that,  having  arrived 
at  D,  B,  B,  they  begin  to  drop  towards  the  beams  to  which 
they  are  hooked,  and  as  soon  as  they  have  passed  the  level  of 
the  axle  I  K,  the  stream  commences  its  full  action  upon 
thexn,  which  it  attains  completely  between  C,  C,  C,.  and 
£,£,£,  and  this,  whether  the  surface  of  the  water  be  at 
G  H  or  at  L  M ;  for  even  in  the  latter  case  it  is  manifest  that 
the  float-boards  are  entirely  immersed  when  in  the  vertical 
position  P  Q.  Belidor  says,  he  was  present  at  the  first 
trial  of  such  a  wheel  at  Paris,  and  that  it  was  attended  with 
all  the  success  that  could  be  desired. 

A  water-wheel  has  been  lately  invented  by  Mr.  Dryden, 
wbidi  will  work  when  nearly  immersed  in  the  water  of  a 
flowing  tide.  Fig.  108  is  an  elevation  of  this  wheel,  its  upper 
parts  beiDg  supposed  to  stand  a  foot  or  two  higher  than  the 
^de  e?er  rises ;  the  axis  of  this  wheel  remains  always  in  one 
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alace^  and  the  wheel  will  work  at  h%h-water  when  iht  head 
u  at  B^  ttod  the  taU- water  at  the  dotted  line  A ;  it  frill  also 
perform  ueariy  the  same  work  when  the  head  is  at  C,  and  the 
tail-water  level  with  the  bottom  of  the  wheel.  The  floats 
Hre  all  set  at  one  and  the  same  angle,  with  the  respeedfe 
radii  ot  the  wheel,  as  majr  be  seen  in  the  figure,  and  are  made 
so  as  to  have  an  opening  of  at  least  an  inch  betweoi  eadi 
float  und  the  drum-boarding  of  the  wheel.  This  opening  is 
intended  to  prevent  the  wheel  from  beinr  imped^  by  the 
tail- water;  for  as  the  backet  rises  out  of  the  water,  tiiere 
can  be  no  vacuum  formed  in  it,  there  being  a  full  supply  of 
air,  in  consequence  of  whidi  the  water  leaves  the  wheel  de- 
liberately. The  case  is  different  with  regard  to  wheels  made 
m  the  coounon  way;  for  if  such  are  open  wheels,  the  floats 
are  made  in  such  a  manner  as  to  throw  the  tail-watei  if  they 
are  immersed  any  depth  in  it;  or,  if  they  are  close,  the whed 
wants  proper  vent  for  the  air  to  prevent  the  formation  of  a 
vacuum  in  the  rising  bucket,  or  what  is  called  by  die  miHa 
<^  sjickinff  up  the  tail-water. '*  At  D  is  planking  made  ci^ 
cular  to  nt  Uie  wheel  pretty  close  for  rather  more  than  the 
space  of  two  floats,  so  as  to  confine  the  water  nearly  dose  to 
the  wheeL  E,  F,  G,  H,  are  sluices  which  are  all  connected 
together  by  the  iron  bar  I,  and  lifted  with  the  assistance  of 
the  wheel,  two  pinions,  and  a  winch,  the  first  {Hinion  working 
into  the  rack  K ;  these  sluices  are  merely  for  stopping  the 
wheel  when  occasion  requires,  although  one  might  be  safl- 
cient  to  supply  the  wheel,  llie  rings  of  this  wheel  may  be 
made  either  of  cast-iron  or  of  wood ;  the  floats  may  be  iron 
plates  rivetted  together.  The  flanches  on  the  arms  of  the 
wheel,  exhibited  in  the  sketch,  are  intended  to  fitcilitate  the 
fixing  of  the  first  cog-wheels ;  the  ring  of  the  whed  may  be 
fixed  to  the  flanches  at  the  extrenutv  of  the  arms,  and  tiie 
large  fllanch  made  hst  to  the  axle  ww  receive  the  middle  part 
of  the  wheel. 

Fig.  109  is  a  plan  of  the  house  in  which  either  of  the  two 
latter  wheels  may  l>e  fixed,  riiowing  in  what  manner  the 
water  may  be  conveyed  always  on  one  side  (rf  the  whed  by 
the  assistance  of  the  four  gates  A,  B,  C,  and  D,  When  tl^ 
mill  is  working  from  the  river,  A  and  B  are  i^en,  the  arrows 
point  out  the  way  the  water  runs  from  the  river  to  the  basm ; 
and  the  dotted  lines  on  the  contrary  the  course  from  ^  basin 
to  the  river,  when  A,  B,  are  shut,  and  C,  D,  opened*  These 
sates  are  made  to  turn  on  an  axle,  which  is  about  six  inches 
from  the  middle  of  the  gate,  and  on  tlie  top  of  the  axle  h  I 
hatf^whed;  by  some  cranc-woik  connected  to  ity  the^  gale 
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caft  be  opened  or  abut  ait  jdeamire ;  when  a  head  of  water 
fKiiet  against  die  gates  they  will  open  great  part  of  Vh% 
way  rftbemadTes,  l^only  letting  the  catches  that  keep  ibem 
•hot  be  lifted  out  ot  their  place*  X^  Y^  are  two  knees  ol 
csat-iioo,  to  support  the  posts  that  the  gates  are  fixed  to. 
The  waDs  of  the  building  are  represented  at  a,  b,  e,  and  dL 

The  reader  will  now  be  able  to  form  an  estimate  of  the 
comparatiFe  Taloe  and  ingenmty  of  the  two  kinds  of  tide- 
mills  here  described.  The  sbnplicity  of  construction  of  the 
viieels  of  Gosset,  De  la  DeuiUe^  and  Dryden,  recommend 
Aem  Btron^y  $  but  we  entertain  some  doubts  of  their  being 
eonpleteiy  successful  in  practice :  bad  the  curious  wbeeL 
with  the  folding-gates,  &c.  fig.  104  and  106,  been  placed 
with  its  aade  perpendicular^  instead  of  parallel,  to  the  course 
d  the  rirer,  the  water  might  then  have  always  been  admitted 
to  act  upon  the  same  side  of  it,  and  the  hydrostatic  pressure 
would  have  operated  as  completely  m  lowering  it  continually 
daniig  the  time  of  ebb,  as  in  nusing  it  continually  during  the 
rising  of  the  tide ;  thus,  as  appears  to  us,  wouM  the  l£U>our 
d  a  BMm  be  saved,  who,  according  to  the  present  oonstruc* 
tioo,  must  attend  the  water-wh^I;  and  all  the  additional 
appamtus  now  requisite  to  shift  the  spur-wheels,  would  at 
the  same  time  be  saved,  and  a  consequent  diminution  ot 
sripud  expense.    Dr.  Gi«gory's  Mechanics,  voL  iL 

In  sdfjcting  m  site  for  the  erection  of  a  mill,  the  engineer 
aaosl  be  careful  not  to  make  choice  of  a  spot  that  is  U^le  to 
he  flooded.  When  the  water  in  the  null-tail  will  not  run  oS 
freely,  but  stands  pent  up  in  the  wheel-race,  so  that  the 
wiled  arast  work  or  row  in  it,  the  wheel  is  sud  to  be  tailed|^ 
sr  jto  be  in  back-water  or  taal-vniter ;  which  greatly  impedes 
the  Tebeity  of  the  wheel,  and,  if  the  flood  be  gi^at,  com'- 
pkieiy  stojps  it. 

Evenr  nml  that  is  well  and  pcojperly  constructed,  will  clear 
itself  ma  considerable  depth  of  tail- water,  provided  there  is^ 
at  the  time,  an  inctease  m  the  height  of  the  water  in  the 
arilUdsm  or  head,  and  an  unlimited  quantity  of  water  to  draw 
upon  the  whe<^  Common  breast-mUls  will  bear  two  feet  of 
tid-WBter,  when  there  is  an  increase  of  head,  and  plenty  of 
water  to  be  drawn  upon  the  wheel,  without  prejudice  to  tneir 
performance ;  and  mills  that  are  well  constructed,  with  slow 
noring  wheels,  wiU  bear  three  and  even  four  feet  and  up* 
wards  of  tdd-water.  Mr.  Smeaton  mentions  having  s  ten  an 
instanee  of  six  feet ;  and  it  is  a  common  thing  in  leve  coun- 
tries, iriiere  tail-water  is  most  annoying,  to  lay  the  wheel 
k  to  twelFe  inches  bebw  the  water's  level   ^f  the 
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pond  below,  in  order  to  increase  the  fidl  of  water ;  and,  tf 
judiciously  iq>plied,  is  attended  with  good  effect,  as  it  in- 
creases the  diameter  of  the  wheel,  and  though  it  must 
always  work  in  that  depth  of  tail-water,^  it  will  perform  fiill 
as  well,  because  the  water  ought  to  run  off  from  the  bottom 
of  the  wheel,  in  the  same  direction  as  the  wheel. turns. 

ON  THJB  CONSTRUCTION  OF  THB  WHBBL-RACB     AND 
WATBR-COURSB. 

The  wheel-race  should  always  be  built  in  a  substantial 
manner  with  masonry,  and  if  the  stones  are  set  in  Roman 
cement,  it  will  be  much  better  than  common  mortar.  The 
earth,  behind  the  masonry,  should  be  very  solid,  and  if  it  is 
not  naturally  so,  it  should  be  hard  rammed  and  puddled,  to 
prevent  percolation  of  the  water.  This  applies  more  parti- 
cularly to  breast-wheels,  in  which  the  water  of  the  dam  or 
reservoir  is  usually  immediately  behind  the  wall  or  breast  in 
which  the  wheel  works,  a  sloping  apron  of  earth,  being  1^ 
from  the  wall  in  the  dam  to  prevent  the  water  leaking.  The 
wall  of  the  breast  should  have  pile  planking  driven  beneath, 
to  prevent  the  water  from  getting  beneath,  because  that  might 
blow  up  the  foundation  of  the  race.  The  stones  of  the  race 
are  hewn  to  a  mould,  and  laid  in  their  places  with  great  care  j 
but  afterwards,  when  the  side  walls  are  finished,  and  the  axis 
of  the  wheel  placed  in  its  bearings,  a  gauge  is  attached  to  it 
imd  swept  round  the  curve,  and  by  this  the  breast  is  dressed 
smooth,  and  hewn  to  an  exact  arch  of  a  circle;  the  side  walls, 
in  like  manner,  are  hewn  flat  and  tnie  at  the  place  where  the 
float-boards  are  to  work.  It  is  usual  to  make  the  space  be- 
tween the  side  walls  two  inches  narrower  at  each  side,  in  the 
circular  part  where  the  float  acts,  than  in  the  other  parts.  • 

In  some  old  mills  the  breast  is  made  of  wood  planking, 
but  this  method  has  so  little  durability  that  it  cannot  be 
recommended. 

In  modern  mills,  the  breast  is  lined  with  a  cast-iron  plate, 
but  we  do  not  approve  of  this,  because  it  is  next  to  impossible 
to  prevent  some  small  leakage  of  water  through  the  masonry^ 
and  this  water,  being  confined  behind  the  iron  breast,  cannot 
escape,  but  its  hydrostatic  pressure  to  force  up  the  iron  is 
enormous  ;  and  if  the  water  can  ever  insinuate  itself  behiud 
the  whole  surface  of  the  plate,  rarely  fails  to  break  it,  if  not 
to  blow  it  up  altogether.  This  is  best  guarded  against  by 
making  deep  ribs  projecting  from  the  back  of  the  plate,  and 
bedding  them  with  great  care  in  the  masonry;  these  not 
only  strengthen  the  plate,  but  also  cut  off  the  communicatioD 
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«f  the  water,  so  that  it  cannot  act  upon  larger  surfaces  at 
once,  than  the  strength  and  weight  of  the  plate  can  resist. 
Stone  is  undoubtedly  the  best  materials  for  a  breasting.  In 
orenhot^wheels  the  loss  of  water,  by  running  out  of  the 
buckets  as  they  approach  the  bottom  of  the  wheel,  may  be 
amsiderably  diminished  by  accurately  forming  a  sweep  or 
casing  round  the  lower  portion  of  the  wheel,  so  as  to  prevent 
the  immediate  escape  of  the  water,  and  causing  it  to  act  in 
the  manner  of  a  breast-wheel.  While  this  improvement 
remains  in  good  condition,  and  the  wheel  works  truly,  it 
produces  a  very  sensible  effect ;  but  it  is  frequently  objected 
to,  because  a  stick  or  a  stone  falling  into  the  wlieel  would 
be  liable  to  tear  off  part  of  its  shrouding,  and  damage  the 
Vnckets ;  and  again,  a  hard  frost  frequently  binds  all  fiist, 
and  totally  prevents  the  possibility  of  working  during  its 
continuance  ;  but  we  do  not  think  the  latter  a  great  objection^ 
for  the  water  is  not  more  liable  to  freeze  there  than  in  the 
buckets,  or  in  the  shuttle,  and  may  be  prevented  by  the  same 
means,  viz.  by  keeping  the  wheel  always  in  motion,  a  very 
small  stream  of  water  left  running  all  night  will  be  sufficient. 
Mr.  Smeaton  always  used  such  sweeps,  and  with  very  good 
effect;  it  is  certainly  preferable  to  any  intricate  work  in  the 
form  of  the  buckets. 

JUill^courses, — As  it  is  of  the  highest  importance  to  have 
the  height  of  the  fall  as  great  as  possible,  the  bottom  of  the 
canal  or  dam  which  conducts  the  water  from  the  river  should 
have  a  very  small  declivity ;  for  the  height  of  the  water-fall 
will  diminish  in  proportion  as  the  declivity  of  the  canal  is 
increased  ;  on  this  account,  it  will  be  sufficient  to  make  A  B, 
fig.  100,  slope  about  one  inch  in  200  yards,  taking  care  to 
m^e  the  declivity  about  half  an  inch  for  the  first  48  yards, 
io  order  that  the  water  may  have  a  velocity  sufficient  to  pre- 
Tcnt  it  from  flowiug  back  into  the  river.  The  inclination  of 
the  fall,  represented  by  the  angle  G  C  R,  should  be  25''  50" ; 
or  C  R,  the  radius,  should  be  to  G  R,  the  tangent  of  this 
an^le,  as  100  to  48,  or  as  25  to  12 ;  and  since  the  surface 
of  the  water  Si  is  bent  from  a i  into  ac,  before  it  is  pre- 
cipitated down  the  CeJI,  it  will  be  necessary  to  incurvate  the 
upper  part  B  CD  of  the  course  into  B  D,  that  the  water  at 
the  boUom  may  move  parallel  to  the  water  at  the  top  of  the 
stream.  For  this  purpose,  take  the  points  B,  D,  about 
12  inches  distant  from  C,  and  raise  the  perpendiculars  B  E, 
DE;  the  point  of  intersection  E  will  be  the  centre,  from 
which  the  arch  B  D  is  to  be  described ;  the  radius  being  about 
10^  inches. 
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How,  in  order  that  the  water  may  act  more  advantageoodf 
upon  the  float-boards  of  die  idieel  W  W,  it  most  aitume  i 
horizontal  direction  H  K,  with  the  same  velocity  which  it 
would  have  acquired  when  it  came  to  the  point  G :  but,  in 
falling  from  C  to  G^  the  water  will  dash  upon  the  horizontal 
part  H  G|  and  thus  lose  a  great  part  of  its  velocity;  it  wSl 
be  proper^  therefore,  to  make  it  move  akmg  F  H,  an  arch  of 
a  cmde^  to  which  D  F  and  K  H  are  tangents  in  the  pcnnts  P 
and  H.  For  this  purpose,  make  G  F  ai^  G  H  each  equal  to 
three  feet,  and  raise  the  perpendiculars  H  I,  FI,  which  will 
intersect  one  another  in  the  points  I,  distant  about  four  feet 
nine  inches  and  vVths  from  the  points  F  and  H,  and  the 
centre  of  the  arch  F  H  will  be  determined.  The  distance 
H  K,  through  which  the  water  runs  before  it  acts  upon  the 
wheel,  should  not  be  less  than  two  or  three  feet,  in  order  that 
the  different  portions  of  the  fluid  may  have  obtained  a  hoii* 
zontal  direction ;  and  if  H  K  be  much  larger,  the  vdocity  of 
the  stream  would  be  diminiriied  by  its  friction  on  the  boUon 
of  the  course.  That  no  water  may  escape  between  the  bot» 
tom  of  the  course  KH  and  the  extremities  of  the  float* 
boards,  KL  should  be  about  three  inches,  and  the  extremity 
o  of  the  float-board  n  o,  should  be  beneath  the  line  HK^C 
sufficient  room  being  left  between  o  and  M  for  the  play  of 
the  wheel,  or  KLM  may  be  formed  into  the  arch  of  a  circle 
KM,  concentric  with  the  wheel.  The  line  LMV,  called 
by  M.  Fabre  the  course  of  impulsion,  (le  coursier  d'impukkm,) 
should  be  prolonged,  so  as  to  support  the  water  as  long  as  it 
can  act  upon  the  float-boards,  and  should  be  about  nine 
inches  distant  from  O  P,  a  horizontal  line  passing  through  0, 
the  lowest  point  of  the  £edl ;  for  if  O  L  were  much  less  than 
nine  inches,  the  water,  having  spent  the  greater  pait  of  its 
force  in  impelling  the  float-boards,  would  accumulate  below 
the  wheel  and  retard  its  motion.  For  the  same  reason,  an- 
other course,  which  is  called  by  M .  Fabre  the  course  of  dis- 
charge, (le  coursier  de  d^charge,)  should  be  connected  widi 
LM  V  by  the  curve  VN,  to  preserve  the  remaining  velocity 
of  the  water,  which  would  otherwise  be  destroyed  by  Ming 
perpendicular  from  V  to  N.  The  course  of  discharge  b  re- 
presented by  V  Z,  sloping  firom  the  point  O.  It  should  be 
about  16  yards  long,  having  an  inch  of  declivity  in  every  two 
yards.  The  canal,  which  reconducts  the  watar  from  the 
course  of  discharge  to  the  river,  should  slope  about  four 
inches  in  the  first  200  yards,  three  inches  in  the  second  200 
vards,  decreasing  gpradually  till  it  terminates  in  the  river.  But 
if  the  river,  to  which  the  water  is  conveyed,  should,  idien 
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smDeo  by  the  ndna^  fbree  the  water  back  upon  the  wheel,  the 
caulmiiBt  bare  a  greater  declivity,  in  order  to  prevent  this  from 
tiiang  place.  Hence  it  will  be  evident,  that  very  accurate  level* 
fii^  is  necesMiy  Cor  the  proper  formation  of  the  mill-course. 

ON  SXXTtNG  OUT  WATBR-OOUR8BS   AND  DAMS. 

Tbm  most  ancient  nulls  were  undershot-wheels  placed  in 
ibt  current  of  an  open  river^  the  building  containing  the  mill 
being  set  upon  piles  in  the  river.  It  would  soon  be  observed 
that  the  power  of  the  mill  would  be  greatly  increased  if  all  the 
water  of  the  river  was  concentrated  to  the  wheel,  by  making  an 
ebilnictlon  across  the  river  which  penned  up  the  water  to  a 
required  height;  and  also  to  form  a  pool  or  reservoir  of  water.^ 
A  shnee  or  diuttle  would  then  become  necessary  to  regulate 
the  admissioti  of  water  to  the  wheel,  and  other  sluices  woidd 
be  necessary  to  allow  the  water  to  escape  in  times  of  floods ; 
lor  thoi^h  in  ordinary  times  the  water  would  run  over  the 
top  of  me  obstmction  or  dam,  yet  a  very  great  body  of  water 
nmrnog  over  might  carry  away  the  whole  work,  by  washing 
avay  Ae  earlli  at  the  foot  of  the  dam,  and  then  overturning 
it  into  the  excavation.  This  is  an  accident  which  frequently 
happens  to  mills  so  situated;  and  the  dangei  is  so  obvious, 
that  most  water-mills  are  now  removed  to  the  ^de  of  the 
river,  and  a  channel  is  dug  from  the  river  to  the  mill  to 
supply  it  with  water,  and  another  to  return  the  water  from 
the  miU  to  the  river.  The  difference  of  level  between  these 
two  channels  is  the  ftJl  of  water  to  work  the  mill,  and  this  is 
kept  iq>  by  means  of  a  wear  or  dam  entirely  across  the  river, 
bat  the  water  can  run  freely  over  this  dam  in  case  of  floods, 
without  at  all  affecting  the  mill,  because  the  entrance  to  the 
#**WT*H  of  sopply  is  regulated  by  sluices  and  side  walls. 

Tlie  dam  should  be  erected  across  the  river  at  a  broad 

party  where  it  will  pen  up  the  water  so  as  to  form  a  large 

pond  or  reservoir,  which  is  called  the  mill-pond  or  dam-head. 

Tins  reservoir  is  useful  to  gather  the  water  which  comes 

down  the  river  in  the  night,  and  reserve  it  for  the  next  day's 

comwmiption;  or  for  sudi  mills  as  do  not  work  incessantly, 

bat  wU^  require  more  water,  when  they  do  work,  than  the 

ordinary  stream  of  the  river  can  supply  in  the  same  time. 

The  larger  the  surfoce  of  the  pond  is,  tne  more  efficient  it 

win  be,  but  depth  will  not  compensate  for  the  want  of 

■nrCMe,  because,  as  the  surfoce  dnks,  when  the  water  is 

drvwB  €/Sj  the  hll  on  descent  of  the  water,  and  consequently 

tibepower  of  the  water,  dimimdies. 

Toe  dam  finr  a  large  river  should  be  constructed  with  the 
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utmost  solidity;  wood  JFraming  is  very  commonly  used,  but 
masonry  is  preferable.  Great  care  must  be  taken,  by  driving 
pile  planking  under  the  dam,  to  intercept  all  leakage  of  the 
water  beneath  the  ground  under  the  dam,  as  that  loosens  the 
earth,  and  destroys  the  foundation  imperceptibly,  when  a 
violent  flood  may  overthrow  the  whole.  It  is  a  common 
practice  to  place  the  dam  obliquely  across  the  river,  with  a 
view  of  obtaining  a  greater  length  of  wall  for  the  water  to  nra 
over,  and  consequently  prevent  its  rising  to  so  great  a  hei^t, 
in  order  to  give  vent  to  the  water  of  a  flood.  But  this  is 
very  objectionable,  because  the  current  of  water  constantly 
running  over  the  dam,  always  acts  upon  the  shore  or  bank  of 
the  river  at  one  point,  and  will  in  time  wear  it  away,  if  not 
prevented  by  expensive  works.  This  difficulty  is  obviated 
by  making  the  dam  in  two  lengths  which  meet  in  an  angle  >, 
the  vertex  pointing  up  the  stream.  In  this  way  the  currents 
of  water,  coming  from  the  two  opposite  parts  of  the  dam, 
strike  together,  and  spend  their  force  upon  each  other, 
without  injuring  any  part.  A  still  better  form  is  a  segment 
of  a  circle,  which  has  the  additional  advantage  of  strength, 
because  if  the  abutments  at  the  banks  of  the  river  are 
firm,  the  whole  dam  becomes  like  the  arch  of  a  bridge  laid 
down  horizontally.  This  was  the  form  generally  used  by 
Mr.  Smeaton. 

The  foot  of  the  dam  where  the  water  runs  down  should  be 
a  regidar  slope  with  a  curve,  so  as  to  lead  the  water  down 
regularly;  and  this  part  should  be  evenly  paved  with  stone, 
or  planked,  to  prevent  the  water  from  tearing  it  up  when  it 
moves  with  a  great  velocity. 

When  the  fail  is  considerable,  it  may  be  divided  into  more 
than  one  dam ;  and  if  the  lower  dam  is  made  to  pen  the  water 
upon  the  foot  of  the  higher  dam,  then  the  water  running 
over  the  higher  dam,  will  strike  into  the  water,  and  lose  its 
force.  There  is  nothing  can  so  soon  exhaust  the  force  of 
rapid  currents  of  water  as  to  fall  into  other  water,  because 
its  mechanical  force  is  expended  in  changing  the  figure  of 
the  water ;  but  when  it  falls  upon  stone  or  wood,  its  force  is 
not  taken  away,  but  only  reflected  to  some  other  part  of  the 
channel,  and  may  be  made  to  act  upon  such  a  great  extent  of 
surface  as  to  do  no  very  striking  injury  at  any  one  time ;  but 
by  degrees  it  wears  away  the  banks,  and  requires  constant 
repairs :  for  it  is  demonstrable  that,  as  much  of  the  force  of 
the  water  as  is  not  carried  away  by  the  rapid  motion  with 
which  it  flows,  after  passing  the  dam,  must  be  expended 
/either  in  changing  the  figure  of  the  water^  or  in  washing 
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Away  the  banks,  or  in  the  friction  of  the  water  running  over 
tbe  bottom. 

The  cotton-works  of  Messrs.  Strutt,  at  Belper,  in  Derby- 
slnre,  are  on  a  large  scale,  and  the  most  complete  we  have 
c?«  seen,  in  their  dams  and  water-works.  The  mills  arc 
turned  by  the  water  of  the  river  Derwent,  which  is  very 
rabject  to  floods.  The  great  wear  is  a  semicircle,  built  of 
very  substantial  masonry,  and  provided  with  a  pool  of  water 
below  it,  into  which  the  water  falls.  On  one  side  of  the 
wear  are  three  sluices,  each  20  feet  wide,  which  are  drawn 
up  in  floods,  and  allow  the  water  to  pass  sideways  into  the 
same  pool ;  and  on  the  opposite  side  is  another  such  sluice, 
32  feet  wide.  Hie  water  is  retained  in  the  lower  pool  by 
sone  obstruction  which  it  experiences  in  running  beneath 
the  arches  of  a  bridge;  but  the  principal  fall  of  the  water  is 
broken  by  falling  into  the  water  of  the  pool,  beneath  the 
great  semicircular  wear. 

The  water  which  is  drawn  off  from  the  mill-dam  above 
the  wear,  passes  through  three  sluices,  20  feet  wide  each,  and 
IS  then  distributed  by  different  channels  to  the  mills,  which 
are  situated  at  the  side  of  the  river,  and  quite  secure  from 
all  floods.  There  are  six  large  water-wheels;  one  of  them, 
which  is  40  feet  in  breadth,  we  have  mentioned,  from  the 
ingenuity  of  its  construction^  and  another,  which  is  made  in 
two  breadths  of  15  feet  each,  we  have  also  described.  They 
are  all  breast-wheels.  The  iron-works  of  Messrs.  Walker, 
at  Rotherbam,  in  Yorkshire,  are  very  gotod  specimens  of 
water- works;  as  also  the  Carron- works  in  Scotland. — Dr. 
Recs's  Cyciop€edia  and  Dr.  Brewster's  Ferguson. 

P£NSTOCK, 

The  following  is  a  description  of  a  pentrough  and  stock  for 
equalizing  the  water  falling  on  water-wheels,  by  Mr.  Quayle. 
Xo  ensure  a  regular  supply  of  water  on  the  wheel,  and  to 
ob^viate  the  inconveniencies  arising  from  the  usual  mode  of 
delivering  it  from  the  bottom  of  tbe  pentrough,  this  method 
is  ^levised  of  regulating  the  quantity  delivered  by  a  float,  and 
taking  the  whole  of  the  water  from  the  surface. 

Section  of  the  pentrough.    Fig.  99.   A,  the  entrance  of  the 

irater ;  B,  the  float,  having  a  circular  aperture  in  the  centre, 

in  ^hich  is  suspended  C,  a  cylinder,  running  down  in  the  case 

1^  below  the  bottom  of  the  pentrough.    This  is  made  water* 

ti^t  at  the  bottom  of  the  pentrough  at  F,  by  a  leather  collar 

placed  between  two  plates,  aud  screwed  down  to  the  bottom. 

Tbe  cylinder  10  secured  to  the  float  so  as  to  follow  its  rise 
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and  faU;  arrd  the  water  uadauUed  into  it  through  the  opemM( 
in  its  sides,  and  there,  passing  through  the  box  or  case  ]^ 
rises  and  issues  at  G  on  the  wheel.  By  this  means,  a  unifonn 
quantity  of  water  is  obtained  at  G^  which  quantity  can  be 
increased  oi  diminished  by  the  assistance  of  a  snoall  nd& 
and  pinion  attached  to  the  cylinder,  which  will  raise  or 
depress  the  cylinder  above  or  under  the  water  line  of  die 
float;  and,  by  raising  it  up  to  the  top,  it  sU^  the  water 
entirely,  and  answers  the  purpose  of  the  common  shuttle. 
This  pimon  is  turned  by  the  handle  B,  similar  to  a  winch- 
handle;  and  is  secured  from  running  down  by  a  ratchet- 
wheel  at  the  opposite  end  of  the  pinion  axis. 

K  and  L  are  two  upright  rods  to  preserve  the  perpendicular 
rise  and  sinking  of  the  float,  runnmg  through  the  float,  and 
secured  at  the  top  by  bradcets  from  the  udes. 

M,  a  board  let  down  across  the  pentrough  nearly  to  the 
bottom,  to  prevent  the  horizontal  impulse  of  the  water  from 
disturbing  tne  float. 

Fig.  S3*.  A  transverse  section,  showing  the  mode  of 
fixing  the  rack  and  pinion,  and  their  supports  on  the  float 
The  rack  is  inserted  into  a  piece  of  metal  running  across  the 
cylinder  near  the  top.  That  the  water  may  pass  more  freely 
when  nearly  exhausted,  the  bottom  of  the  cylinder  is  not  a 
plane,  but  ia  cut  away  so  as  to  leave  two  feet,  as  at  C, 
fig.  99.  The  float  is  also  k^  from  lying  on  tiie  penttou^ 
bottom  by  four  small  feet;  so  that  the  water  geta  under  it 
regularly  from  the  first. 

Fig.  v9**.  An  enlarged  view  of  the  cylinder,  showing  the 
rack  and  ratchet-wheel,  with  the  clink,  and  one  of  the  openings 
on  the  side  of  the  cylinder;  the  winch  or  handle  being  on  the 
opposite  side,  and  the  pinion,  by  which  the  rack  is  raised, 
enclosed  in  a  box  between  them. 

IffR.  SMBATON's  PBNmoUGH. 

Fig.  93*.  G  represents  the  pentrough  through  which  the 
water  flows,  and  F  F  stroi^  cross-beams  on  which  it  is  si^ 
ported ;  the  wheel  is  situated  very  dose  beneath  the  bottom  of 
the  trough,  as  the  figure  shows.  £  £  are  two  arms  oi  the 
wheel,  which  are  put  together,  as  shown  in  6g.  110.  B  D  is 
th^  wooden  rim  oi  the  wheel;  the  narrow  ciroe  beyond  this  is  . 
the  section  of  the  sole  planking,  and  om  the  outside  of  tins  the 
bucket-boards  are  fixed  aa  the  ^^re  diows ;  one  of  the  bottom- 
bcMurds,  bf  of  the  trough  at  the  end  is  indiMd,  and  an  opening 
is  left  between  that  end  and  the  other  boards  of  the  bottom,  to 
let  the  water  pass  through;  this  c^penii^  ia  dosed  by  a  slidbg 
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tbaMt,  e,  wbidi  fa  &ted  Id  the  bottom  otibettot^fhj  and 
CMi  be  mOTed  backwatdft  and  forwards  by  a  rod  dj  and 
fever  tf  which  fa  hxed  into  a  slrong  Bjdaf;  thk  axis  has  a 
kmg  lever  on  the  end,  which,  being  m&reA  by  the  miUer, 
drnni  the  ahaitle  ahnig  the  bottom  of  the  trough,  and 
increases  or  dminfaheg  the  aperture  through  which  the 
water  isauei.  The  extreme  edge  of  the  shuttle  is  cut 
indeed,  to  make  it  correspond  with  the  inclined  jpart  b^ 
and  by  tfafa  means  it  opens  a  parallel  passage  for  the 
water  to  run  through,  a^  this  causes  the  water  to  be 
dehyered  in  a  r^^ular  and  eren  sheet;  and  to  contribute  to 
thfa  the  edges  of  the  aperture  where  the  water  quits  it  are 
rendered  sharp  by  kon  plates;  the  shuttle  is  made  ti^ 
wliere  it  lies  npoo  the  bottom  of  the  trough,  by  leather,  so  as 
to  aroid  any  leakage  when  the  shuttle  fa  closed*  When  the 
whed  fa  of  considerafale  breadth,  the  weight  of  the  water 
might  bend  down  the  middle  of  the  trough  imtil  it  touched 
the  wheel;  to  prerent  thfa,  a  strong  beam,  O,  fa  placed  across 
the  trough,  and  the  trough  is  suspended  from  thfa  by  iron 
bdtB  wl^cfa  pass  through  grooves  m  the  shuttle,  so  that  they 
do  not  intcnere  with  the  motion  of  the  shuttie. 

JUr.  Nmudlle  took  out  a  patent^  in  October,  1812,  for  a 
new  method  of  faying  water  upon  an  oirersbot-wheel,  (see 
fig.  94,)  which  he  thus  describes  »—^  In  my  new  method  oS 
applyiiqp  water  to  water-wheels,  I  cause  it  to  commence  its 
aetkm  npon  a  point  of  the  wbceFs  circumference,  which  is 
abovt  53  degrees  dfatant  from  the  vertex,  or  the  highest  point 
tkereo^instMd  of  applying  it  i^  the  top  of  the  wheel,  as  hereti>- 
fare  commoHly  pract»ed  fcr  overriiot- wheels.  By  these  means 
I  can  have  the  advantages  of  a  large  wheel  in  situations  where 
the  ftiU  would  only  allow  of  a  smaller,  if  the  water  was  appKed 
at  the  top;  thus,  if  there  be  a  perpendicular  of  12feet,rcause 
a  wheel  of  IS  feet  dfameter  to  be  made,  and  erf  course  the 
water  must  be  made  to  act  upon  it  at  a  height  of  12  feet, 
which  fa  three  feet  perpendicular  below  the  top  of  the  wheel, 
and  at  about  63  degrees  from  the  top^  measured  round  its 
eireoflafereDce  as  Aovt  stated*  I  midce  1^  pentrough  which 
brings  Ae  water  to  the  wheel  of  such  a  form  that  it  deKvers 
Hie  water  from  the  bottom  of  it  Asxmgb  the  Door,  and  is 
fceOtfd  at  such  9Sk  angle  as  to  faH  into  the  bnckets  nearly 
hi  the  Aivctum  of  the  wheel's  motion,  which  will  be  at  an 
ai^e  of  7b  decrees  with  the  horfaon;  the  shuttle  or  gate 
sHps  upon  the  StMir  of  the  trough,  so  as  to  cover  the  aperture, 
and  deteraune  ttte  quantify  of  water  to  be  let  out  upon  the 
^veel. 
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'^  The  exact  manner  of  carrying  this  principle  into  effisct  h 
particularly  explained  by  the  annexed  draft,  which  is  a  yertical 
section  of  a  water-wheel  on  my  improved  plan.  In  this  the 
dotted  line  A  A,  fig.  116,  represents  the  level  of  the  water 
at  its  full  head,  aifd  B  the  level  of  the  tail- water;  therefore 
AB  is  the  extreme  fall,  AC  is  the  depth  of  the  water  in  the 
pentrough.  Now,  instead  of  the  common  practice  of  making 
a  wheel  of  the  diameter  equal  to'BC,  1  make  the  wheel 
D  £  F  G  one-fourth  larger  than  B  C,  then  the  water  will  be 
delivered  upon  it  at  the  point  E.  The  floor  C  of  the  pen- 
trough  C  H  Lj  does  not  come  up  to  meet  the  end  H  thereof, 
but  leaves  a  small  space  through  which  the  water  issues  in 
the  direction  of  the  dotted  line  1 1,  to  the  buckets  of  the 
wheel.  The  breadth  of  this  space  is  determined  by  the 
shuttle  K,  which  lays  flat  upon  the  floor  of  the  pentrough, 
and  slides  over  the  aperture.  It  is  regulated  by  means  of  a 
lever  N,  acted  upon  by  a  screw,  rack,  or  other  adjustment,  at 
M,  and  the  water  is  thus  delivered  in  a  very  thin  and  regular 
sheet  into  the  buckets." 

Fig.  117  represents  a  method  of  laying  on  water  which 
has  for  several  years  been  in  common  use  in  Yorkshire  and 
the  north  of  England.  In  this  the  water  is  not  applied  quite 
at  th)e  top  of  the  wheel,  but  nearly  in  the  same  position  as 
the  last  described  J  but  the  advantages  of  this  wheel  over  all 
others  is,  that  the  water  can  be  delivered  at  a  greater  or  less 
height,  according  to  the  height  at  which  the  water  stands  in 
the  trough;  but  in  all  the  preceding  methods,  if  the  water  is 
4subject  to  variations  of  height,  as  all  rivers  are,  then  the 
wheel  must  be  diminished,  so  that  in  the  lowest  state  of  the 
water  it  will  stand  a  sufficient  depth  above  the  orifice  in  the 
bottom  of  the  trough  to  issue  with  a  velocity  rather  greater 
than  tiie  motion  of  the  wheel.  In  this  case,  when  the  water 
rises  to  its  usual  height,  or  above  it,  the  increase  of  fall  thus 
obtained  is  very  little  advantage  to  the  wheel ;  the  improved 
,wheel  can  at  all  times  take  the  utmost  fall  of  the  water,  even 
when  its  height  varies  from  three  to  four  feet.  A  A  is  the 
pentrough  made  of  cast-iron;  the  end  of  it  is  formed  by  a 
grating  of  broad  flat  iron  bars,  which  are  inclined  in  the 
iroper  position  to  direct  the  water  through  them  into  the 
uckets  of  the  wheel.  The  spaces  between  the  bars  are  shut 
up  by  a  large  sheet  of  leather,  which  is  made  fast  to  the 
bottom  of  the  iron  trough  at  a,  and  is  applied  against  the 
bars;  and  the  pressure  of  the  water  keeps  it  in  close  contact 
with  the  bars,  so  as  to  prevent  any  leakage.  This  is  the 
real  shuttle,  and  to  open  it  so  as  to  give  the  required  stream 
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of  water  to  the  wheel,  the  upper  edge  of  the  leather  is 
irrapped  round  a  smaller  roller,  b;  the  pivots  at  the  en^s  of 
this  roller  are  received  in  the  lower  ends  of  two  racks,  which 
are  made  to  slide  up  and  down  by  the  action  of  two  pinions 
fixed  upon  a  common  axis  which  extends  across  the  trough; 
this  axis  being  turned,  raises  up  or  lowers  down  the  roller, 
and  the  leather  shuttle  winds  upon  it  as  it  descends,  or 
unwinds  from  it  as  it  ascends,  so  as  to  open  more  of  the 
i^iaces  between  the  bars,  or  close  them,  as  it  is  required.  In 
(vder  to  make  the  roller  take  up  the  leather,  and  always  draw 
it  tight,  a  strap  ol  leather  is  wound  round  the  extreme  ends 
of  the  rollers,  beyond  the  part  where  the  leather  shuttle  rolls 
i^on  it.  These  straps  are  carried  above  water  and  applied  on 
wheels,  which  wind  Uiem  up  with  a  very  considerable  tension, 
by  the  action  of  a  band  and  weight  wrapped  on  the  circum- 
ference of  a  wheel,  which  is  on  the  end  of  the  axis  of  those 
wheels. 

The  water  runs  over  the  upper  side  of  the  roller,  and  flows 
fiinragh  the  spaces  between  the  grating  into  the  buckets,  of 
the  wheel;  the  descent  of  the  water  passing  through  the 
bars,  and  afterwards  in  falling  before  it  strikes  the  bottom 
of  the  bucket,  is  found  fully  sufficient  to  produce  the  neces-  . 
my  velocity  of  the  water,  for  a  fall  of  four  inches  produces 
a  vdocity  of  more  than  four  feet  per  seconds 

We  recommend  this  as  the  best  method  of  applying  the 
water,  as  we  see  in  all  other  forms  that  a  much  greater 
portion  of  the  fall  is  given  up  in  order  to  make  the  wate^r 
flow  into  the  wheel;  not  that  any  such  depth  as  h  commonlv 
given  is  at  all  necessary,  but  the  aperture  in  the  trougn 
most  be  placed  so  low  that  the  water  will  run  through  it  in 
the  very  lowest  states  of  the  water,  otherwise  the  wheel 
must  stop  at  such  times. — ^Dr.  Rees's  Cydopcsilia.  Iteper^ 
toryofArtij  1813. 

SLUICE  GOVERNOR   FOR    REGULATING  THE   INTRODCCnON   OP 
WATER    UPON   WATER-WHEELS   OF   ALL   KINDS. 

The  ingenious  Mr.  Bums  actually  constructed  for  the 
Caitside  Cotton  Mills,  the  sluice  governor,  represented  at 
figs.  118, 119,  120,  and  121,  whidi  was  considered  of  such 
advantage  as  to  produce  a  saving  of  more  than  100/,  per  annum. 

The  motion  of  the  water-wheel  is  communicated  by  a  belt 
or  rope  going  round  the  pulley  I  to  the  axis  £  F,  which 
carries  the  balls  G  H,  fig.  118.  This  motion  is  conveyed  to 
the  oprigfat  shaft  T,  by  the  wheels  and  pinions  Q,  R,  S,  T, 
amd  \ht  \rfaeel  N  at  the  bottom  of  the  shaft  drives  the  wheels 

1 


Digitized 


by  Google 


114  THB  0P£AAT1V£  MECHANIC 

O,  P,  figs.  lid  and  120,  in  opposite  directions.  When  the 
velocity  of  the  wheel  is  such  as  is  required,  the  wheels  O,  P 
move  loosely  about  the  axis,  and  carry  the  motion  no  £EUther. 
But  when  the  Telocity  of  the  wheel  is  too  great,  the  balls 
G,  H,  separated  by  the  increase  of  centrifugal  force,  raise 
the  box  a  upon  the  slurft  E  F.  An  iron  cross  ^r,  see  fig.  121, 
is  fitted  into  the  box  a.  This  cross  works  in  the  four  prongs 
of  the  fork  ebc,  fig.  1 19,  at  the  end  of  the  lever  rf  g/e,  which 
moves  horizontally  round  /  as  its  centre  of  motion.  When 
the  box  a  is  stationary,  which  is  when  the  wheel  has  its 
proper  velodty,  the  iron  cross  works  within  two  of  the 
prongs  so  as  not  to  affect  the  lever  a/c,  but  to  allow  the 
clutch  q  q,  fixed  at  the  end  of  the  lever,  to  be  disengaged 
from  the  wheels.  When  the  cross  be  rises,  it  strikes  in 
turning  round  the  prong  3,  see  fig.  121,  which  drives  aside  the 
lever  efa,  and  throws  the  clutch  q  into  the  arms  of  the 
wheel  P,  figs.  1 19, 120.  This  causes  it  to  drive  round  the  shaft 
DC  in  one  direction.  When  the  iron  cross  be,  on  the 
contrary,  is  depressed  by  any  diminution  in  the  velocity  of 
the  wheel,  it  strikes  in  'turning  round  the  prong  4,  which 
pushes  aside  the  lever  efd,  and  throws  the  clutch  q  into  the 
wheel  O.  This  causes  the  wheel  O  to  drive  the  shaft  in  an 
opposite  direction  to  that  in  which  it  was  driven  by  P. 
Now  the  shaft  D  C,  which  is  thus  put  in  motion,  drives,  by 
means  of  the  pinion  C  and  wheel  B,  the  inclined  shaft  B  W, 
which,  by  an  endless  screw,  X,  working  in  the  toothed 
quadrant  Z,  elevates  or  depresses  the  sluice  K  L,  and  ftH^nttg 
a  greater  or  a  less  quantity  of  water,  according  to  the  motion 
given  to  the  shaft  by  the  wheel  P  or  O.  lliis  change  in 
the  aperture  is  produced  very  gradually,  as  the  train  of  wheel- 
work  is  made  so  as  to  reduce  the  motion  at  the  sluice.  The 
centre  in  which  the  sluice  turns  should  be  one-third  of  its 
height  from  the  bottom,  in  order  that  the  pressure  of  the 
water  on  the  part  above  the  centre  may  balance  the  pressure 
on  the  part  below  the  centre. 

MR.  Ferguson's  rules  for  the  construction  op 

UNDERSHOT  WATER-MILLS. 

When  the  float-boai'ds  of  the  water-wheel  move  with 
a  third  part  of  the  velocity  of  the  water  that  acts  upon  them, 
the  water  has  the  greatest  power  to  turn  the  mill:  and  when 
the  mill-stone  makes  about  60  revolutions  in  a  minute,  it  ia 
found  to  do  its  work  the  best.  For,  when  it  makes  but 
•ubout  40  or  50  it  grinds  too  slowly,  and  when  it  makes  more 
than  70,  it  beats  the  meal  too  much,  and  cuts  the  bran  so 
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mall^  that  a  great  part  thereof  mixes  with  the  meal^  and 
caimot  be  separated  firom  it  by  sifting  or  boulting.  Conee- 
qoently,  the  utmost  perfection  of  mill-work  lies  in  making 
die  train  so,  as  that  the  mill-stone  shall  make  about  60  turns 
m  a  minute  when  the  water-wheel  moves  with  a  third  part 
rf  the  Telocity  of  the  water.  To  have  it  so,  observe  the 
fi)Dowing  rules: 

1.  Measure  the  perpendicular  hei^t  of  the  fall  of  water, 
in  feet,  above  the  middle  of  the  aperture,  where  it  is  let  out 
to  act  by  impulse  against  the  float-boards  on  the  lowest  side 
of  the  undershot-wheel. 

2.  Multiply  this  constant  number  64.2882,  by  the  height 
of  the  Call  in  feet,  and  extract  the  square  root  of  the  product, 
wfai<^  shall  be  the  velocity  of  the  water  at  the  bottom  of  the 
£dl,  or  the  number  of  feet  the  water  moves  per  second. 

3.  Divide  the  vdocity  of  the  water  by  3,  and  the  quotient 
shall  be  the  velocity  of  the  floats  of  the  wheel,  in  feet,  per 
second. 

4.  Divide  the  drcumference  of  the  wheel  in  feet,  by  the 
velocity  of  its  floats,  and  the  quotient  will  be  the  number  of 
secondis  in  one  turn  or  revolution  of  the  great  water-wheel 
ao  ^vrhoee  axis  the  cog-wheel  that  turns  the  trundle  is  fixed. 

5.  Divide  60  by  the  number  of  seconds  in  a  turn  of  the 
water-wheel,  or  cog-wheel,  and  the  quotient  will  be  the 
onmber  of  turns  of  either  of  these  wheels  in  a  minute. 

6.  Bj  this  number  of  turns  divide  60,  (the  number  of  turns 
the  mill-stone  ought  to  have  in  a  minute,)  and  the  quotient 
will  be  the  number  of  turns  the  mill-stone  ought  to  have  for 
(me  torn  of  the  water  or  cog  wheel.    Then, 

7«  As  the  required  number  of  turns  of  tiie  mill-stone  in  a 
minute  is  to  the  number  of  turns  of  the  cog-wheel  in  a 
imnnte,  so  must  the  ntunber  of  cogs  in  the  wheel  be  to  the 
number  of  staves  in  the  trundle  on  die  axis  of  the  mill-stone, 
m  the  nearest  whole  number  that  can  be  found.  By  these 
rales  the  following  table  is  calculated;  in  which  the  diameter 
of  the  water-wheel  is  supposed  to  be  18  feet,  (and  conse- 
quently its  circumference  56f  feet,)  and  the  ^stance  of  the 
iniD-stone  to  be  five  feet. 
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Example. — Suppose  an  undershot-mill  is  to  be  built  wbere 
the  peipendicular  height  of  the  fall  of  water  is  nine  feet ;  it 
is  required  to  find  how  many  cogs  must  be  in  tlie  wheels  and 
how  many  staves  in  the  trundle,  to  make  the  mill-stone  go 
about  60  times  round  in  a  minute,  while  water-wheel  floats 
move  with  a  third  part  of  the  velocity  with  which  the 
water  spouts  against  them  from  the  aperture  at  the  bottom  of 
the  faU. 

Find  9  (the  height  of  the  fell)  in  the  first  column  of  the 
table ;  then  agidnst  that  number,  in  the  sixth  column,  is  70 
for  the  number  of  cogs  in  the  wheel,  and  10  for  the  number 
of  staves  in  the  trundle ;  and  by  these  tfumbers  we  find  in 
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tfae  eig^hth  column  that  the  raill-Btone  will  make  59-xVo  turns 
in  a  minute,  which  is  within  half  a  turn  of  60,  and  near  enough 
for  the  purpose ;  as  it  is  not  absolutely  requisite  that  there 
siiould  be  just  60  without  any  fraction  :  and  throughout  the 
whole  table  the  number  of  turns  is  not  quite  one  more  or 
less  than  60. 

The  diameter  of  the  wheel  being  18  feet,  and  the  fall  of 
water  nine  feet,  the  second  column  shows  the  velocity  of 
the  water  at  the  bottom  of  the  fall  to  be  24  x^  feet  per 
second ;  the  third  column  the  velocity  of  the  float-boards  of 
the  wheel  to  be  8  -r^ir  feet  per  second ;  the  fourth  column  shows 
that  the  wheel  Will  make  8-t^,V  turns  in  a  minute ;  and  the 
sixth  column  shows  that  for  the  mill- stone  to  make  exactly 
60  tarns  in  a  minute,  it  ought  to  make  7  tw  (or  seven  turns 
and  one-twentieth  part  of  a  turn)  for  one  turn  of  the  wheel. 

Dr.  Brewster,  in  the  valuable  Appendix  which  he  has 
annexed  to  his  edition  of  Mr.  Ferguson's  works,  shows,  that 
the  principles  upon  which  the  above  table  is  calculated,  are 
emmeotts,  owing  to  the  author  having,  with  Desagulier  and 
Madaorin,  embraced  M.  Parent's  theory,  which  Mr.  Smeaton, 
by  repeated  ex}>eriment8,  proved  to  be  incorrect. 

Tlie  constant  niunber  used  by  Mr.  Ferguson  for  finding 
the  velocity  of  the  water  from  the  height  of  the  fall,  64.2862, 
appears  to  be  also  wrong.  For,  from  some  recent  experi^ 
ments  made  by  Mr.  Whitehurst  on  pendulums,  it  is  found, 
;  that  a  heavy  body  falls  16.087  feet  in  a  second  of  time : 
\  consequently  the  constant  number  should  be  64.348. 
i  Dr.  Brewster  then  states,  that  in  Mr.  Ferguson's  table^ 
the  velocity  of  the  mill-stone  is  too  small ;  and  Mr.  Imison, 
m  correcting  this  mistake,  has  made  the  velocity  too  great. 
From  this  circamstanee,  the  Mill-wrights'  Table,  as  hiUierto 
pnUished,  b  fundamentally  erroneous,  and  is  more  calculated 
to  mislead  than  to  direct  the  practic^  mechanic.  Proceed- 
ing, therefore,  upon  the  practical  deductions  of  Smeaton,  as 
cc^Armed  by  theory,  and  employing  a  more  correct  constant 
number,  and  a  more  suitable  velocity  for  the  mill-stone,  we 
may  construct  a  new  Mill-wrights'  Table  by  the  following 
rules: 

1.  Find  the  perpendicular  height  of  the  fall  of  water  in 
feet  above  the  bottom  of  the  mill-course,  at  K,  (fig.  100,) 
and  having  diminished  this  number  by  one-halSf  of  the 
natural  depth  of  the  water  at  K,  call  that  the  height  of  the 

2.  Since  bodies  acquire  a  velocity  of  32*174  feet  in  a 
e?coud,  by  falling  through  16*067  feet,  and  since  the  velocities 
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of  falling  bodies  are  as  the  square  roots  of  the  heights  through 
which  they  fall^  the  square  root  of  16*087  will  be  to  toe 
square  roots  of  the  height  of  the  fall,  as  32*174  to  a  fouith 
number,  which  will  be  the  velocity  of  the  water.  Therefore 
the  velocity  of  the  water  may  be  always  found  by  multiply- 
ing 32*174  by  the  square  root  of  the  height  of  the  fall,  and 
dividing  that  product  by  the  square  root  of  16*087.  Or  it 
may  be  found  more  easily  by  multiplying  the  height  of  the 
fall  by  the  constant  number  64*348,  and  extracting  the 
square  root  of  the  product,  which,  abstracting  the  efiects  of 
friction,  will  be  the  velocity  of  the  watei:  required. 

3.  Take  one-halfoi  the  velocity  of  the  water,  and  it  will 
be  the  velocity  which  must  be  given  to  the  float-boards,  or 
the  number  of  feet  they  must  move  through  in  a  second,  in 
order  that  the  greatest  effect  may  be  produced. 

4..  Divide  the  circumference  of  the  wheel  by  the  velocity 
of  its  float-boards  per  second,  and  the  quotient  will  be  the 
number  of  seconds  in  which  the  wheel  revolves. 

5.  Divide  60  bv  this  last  number,  and  the  quoti^it  will 
be  the  number  oi  revolutions  which  the  wheel  performs  in  a 
minute.    Or  the  number  of  revolutions  performed  by  the 

.  wheel  in  a  minute,  may  be  found  by  multiplying  the  velocity 
of  the  float-boards  by  60,  and  dividbg  the  product  by  the 
circumference  of  the  wheels  which  in  the  present  case  is 
4712. 

6.  Divide  00  (the  number  of  revolutions  which  a  mill-stone 
five  feet  diameter  should  perform  in  a  minute)  by  the  number 
of  revolutions  made  by  the  wheel  in  a  minute,  and  the 
quotient  will  be  the  number  of  turns  which  the  mili-stone 
ought  to  make  for  one  revolution  of  the  wheel. 

7.  Then,  as  the  number  of  revolutions  of  the  wheel  in  a 
minute  is  to  the  number  of  the  revolutions  of  the  miil-stones 
in  a  minute,  so  must  the  number  of  staves  in  the  trundle  be 
to  the  number  of  teeth  in  the  wheel,  in  the  nearest  whole 
numbers  that  can  be  found. 

8.  Multiply  the  number  of  revolutions  performed  by  the 
wheel  in  a  minute,  by  the  number  of  revolutions  made  by 
the  mill-stone  for  one  of  the  wheel,  and  the  product  will  be 
the  number  of  revolutions  performed  by  the  mill-stone  in^a 
minute. 

In  this  manner  the  following  table  has  been  calculated  for 
a  water-wheel  15  feet  in  dumieter,  which  is  a  good  medhim 
size,  the  mill-stone  being  five  feet  in  diameter^  and  revolving 
90.  times  in  a  mmute. 


Digitized 


by  Google 


AND  MACHmirr* 


119 


DR.  BREWSTER'S  MILL-WRIGHTS'  TABLE. 

h  wkkh  the  velodiy  of  the  wheel  is  three-sevenths  of  the  velocity  of 
the  water,  and  the  ^ects  of  friction  on  the  velocity  of  the  stream 
reduced  to  computation. 
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TREATISES  ON  MILLWORK. 

KOnslicbe  abriss  Allcrhand,  Waner,  Wind-roM,  und  Uand-muUen,  &c., 
yon  Jacob,  de  Strada  a  Rosberg,  1617. 

Georg.  Christoph  Luerner  Machina  toreutic^iiova;  oder  bescbrcibuog  dar 
neu  erfundeneD  DrchmCdilen,  166|. 

Tiieatnim  Mackinsrum  Novum;  das  ist,  neu  yermekrter  Schauplatx  dw 
Mcclianischen  KiUiste,  handelt  von  AUerhand,  Wasser,  Wind,  Ro«b,  Gewicht 
und  Hand-niQhlen,  ron  Geo.  And.  Bocklern,  1661.* 

Contenta  disciirtns  Mechanici,  concernentis  Descriptionem  Optims  forrocA 
Velorum  horizontalinm  pro  mu  Molanim»  nee  non  fundamentom  inclinalomm 
Velorum  in  Navibnt,  habita  coram  Sodetate  Regia,  a  R.  H.  translate  ex 
G)llectionibns  PhilosopMcis  M.  Dec.  num.  3,  pa.  61»  1681. 

Disscrtatio  Historica  de  Molis,  quam  praeside  Joh«  PhU.  TKner  defend. 
Jo.  Tob.MOhlberger  Ratisbonens  Jense,  1695. 

Martin  Marten's  Wiskundige  beschojnwinge  der  Wind  of  Wadermookni, 
rergeleken  met  die  van  den  heer  Johann  Lulofe  Amsterdam  1700. 

VoUstftndige  MOlilen-baukunst,  von  Leonhard  Christoph.  Storm,  1718: 

Jacob  Leopold's  Theatrum  Machinamm  Moltnamm,  folio,  1724,  1725. 

Remarques  sur  les  Anbes  ou  Palettes  des  Moulins,  et  autres  Machines  moes 
par  le  Courant  des  Rividres,  par  M.  Pitot,  Mem.  Acad.  Roy.  Paris,  1729. 

Joh.  vanZyl  Theatrum  Machinamm  Universale  of  Groot  Algemeen,  Moolen- 
bock,  &c.,  Amsterdam,  1734. 

Jo.  Caral.  Totens  Disser.  de  Machinis  Molaribus  optime  constmendis,  Lugd. 
Batav.  1734. 
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WINDMILLS. 

The  windmill  derives  its  name  from  the  motion  it  receives 
from  the  impulse  of  the  wind. 

The  date  of  its  invention  is  not  precisely  known^  thoagfa 
authors  generally  concur  in  believing  it  to  have  taken  place 
at  no  very  distant  period  of  time.  Some  state  it  to  nave 
been  first  used  in  France  in  the  sixth  century:  others,  on  the 
contrary,  assert,  that  at  the  time  of  the  crusades  it  was 
introduced  into  Europe  from  the  east,  where  scarcity  of 
water  gave  the  impetus  that  led  to  its  discovery. 

Windmills  are  of  two  kinds,  horizontal  and  vertical. 

THB    VERTICAL  WINDMILL 

Consists  of  a  strong  shaft,  or  axis,  inclining  a  little  upwards 
from  the  horizon,  with  four  long  yards,  or  arms,  fixed  to  the 
highest  end,  perpendicular  to  the  shaft,  and  crossing  each 
other  at  right  angles.  Into  these  arms  are  mortised  several 
small  cross-bars,  and  to  them  are  fastened  two,  three,  or  four, 
long  bars,  running  in  a  direction  parallel  with  the  length  of 
the  arms;  so  that  the  bars  intersect  each  other,  and  fonn  a  kind 
of  lattice  work,  on  which  a  cloth  is  spread  to  receive  the  action 
of  wind.  These  are  called  the  sails,  and  are  in  the  shape 
of  a  trapezium,  usually  about  nine  yards  long  and  two  wide. 

As  the  direction  of  the  wind  is  very  uncertain,  and 
perpetually  changing,  it  becomes  necessary  to  have  some 
contrivance  for  bringing  the  windshaft  and  sails  into  a 
position  proper  for  receiving  its  impression.  To  effect  this^ 
two  methods  are  in  general  use:  the  one  called  the  post-mill; 
the  other  the  smock-mill. 

POST-MILLS. 

In  the  post-mill  it  is  accomplished  by  driving  perpendicularly 
into  the  earth  the  trunk  of  a  strong  tree,  that  is  held  securely 
upright  by  several  oblique  braces,  which  extend  from  a 
platform  on  the  ground  to  the  middle  of  the  tree,  leaving  10 
or  12  feet  of  the  upper  part  free  from  the  braces.  The  part 
thus  left  free  from  obstruction  is  rounded,  and  made  to  pass 
through  a  circular  collar,  formed  in  the  flooring  of  the  lower 
chamber,  and  to  enter  into  a  socket  fixed  into  the  flooring  of 
the  upper  chamber,  and  to  one  of  the  strongest  cross-beams, 
which  must  sustain  the  whole  weight  of  the  mill-house,  so 
that,  by  means  of  a  pivot,  or  gudgeon,  fastened  on  that  part 
of  the  post  which  enters  into  the  socket,  the  whole  machine 
can  turn  about  horizontally  to  face  the  wind.    A  strong 
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fnaing,  miited  by  joints  to  the  back  part  of  the  mill-house, 
descends  in  a  sloping  direction  till  it  touches  the  ground: 
the  bottom  of  it  is  very  heavy,  and  is  fastened  by  cords  to 
some  short  posts  that  are  thriven  in  a  circle,  at  regular  intervals 
round  the  mill,  to  prevent  the  mill  from  turning  about  at 
every  sudden  squall.  This  framing  is  furnished  with  steps 
to  serve  as  a  ladder  of  ascent  or  descent.  At  the  bottom  of 
it  a  rope  is  fastened,  and  carried  thence  in  an  inclined  position 
to  the  top  of  the  mill,  where,  by  a  lever  or  tackle  of  pullies, 
it  can  be  shortened  so  as  to  raise  the  framing  from  the 
ground,  and  then  by  pushing  against  it,  in  the  manner  of  a 
krer,  the  whole  mill  may  be  turned  in  any  required  direction* 
To  obtain  more  force,  a  small  capstan  is  often  provided  to 
dnw  a  rope  fixed  to  the  end  of  the  ladder :  this  capstan  is 
movable,  and  can  be  fastened  at  pleasure  to  anyone  of  £he  posts. 

The  internal  medianism  of  a  post-mill  is  exhibited  in  fig.  123.  W  X  Y 
the  upper  chamber ;  X  Y  Z  the  lower  one ;  A  B  the  shaft,  or  axis,  with  the 
cofj^-wbeel  G,  moving  round  in  order  of  the  letters  that  describe  the  sails 
CDEF,  giving  motion  to  the  lantern  H,  and  its  spindle  IK;  LM  is  a 
bodge  to  support  the  said  spindle ;  and  N  and  O  P  are  beams  to  sustain 
ikt  bcidge.  The  top  mill-stone  Q  is  the  only  one  that  moyes,  and  is  fixed 
00  the  spiadie  I K  by  a  piece  of  iron,  called  the  rynd,  let  in  at  the  lower 
put  of  the  stone ;  the  lower  miUrfttone  R,  is  somewhat  larger  than  the 
oUtfr.  The  com  is  put  into  the  hopper  S,  and  runs  from  thence  along  the 
^oui  T;  the  spindle  I  K,  being  aquare,  shakes  in  its  revolutions  the 
ipom  T,  and  causes  the  core  to  fall  through  the  hole  V  between  the  stones, 
vhere  it  is  ground;  the  flour  then  passes  through  the  tunnel  «6y  and  is 
fitiUy  deposited  in  the  chest  c;  de  is  a  string  going  round  the  pin  dy  and 
icrving  to  draw  the  spout  T  nearer  to,  or  farther  from,  the  spindle  IK,  that 
>be  com  may  be  made  to  ran  out  either  faster  or  slower,  according  to  the 
velocity  of  the  wind;  fg  and  Ai  are  levers,  whose  centres  of  motion  are/ 
and  a;  t  /up  is  a  cord  going  about  the  pins  /  and  »  to  wind  up  and  raise 
the  stone  Q.  By  bearing  down  the  end  r  A,  g  is  raised,  which  raises  the 
perpeadicolar  NO,  the  perpendicular  raises  the  cro^beam  O  P,  the  cross- 
oeam  the  bridge  LM  uid  the  spindle  I K,  together  with  the  upper  mill- 
sUtte  Q»  so  that  the  stones  can  be  set  at  any  required  distance  apart.  The 
com  is  drawn  op  to  the  top  of  the  mill  by  means  of  a  rope  rolled  about  the 
axis  AB;  9  r  18  a  ladder  for  ascending  to  the  higher  part  of  the  mill.  A 
girt  or  gripe  of  pliable  wood  is  fixed  at  one  end  «,  and  at  the  other  tied  to 
the  km  Iv,  movable  about  at  lo,  which  being  pressed  d^wn  stops  the 
iDotioQ  of  the  mill  at  pleasure.  When  the  wind  is  great,  the  sails  are  only 
in  part,  or  on  one  side  covered,  and  sometimes  only  one-half  of  two 
opposite  sails.  The  same  shaft  can  have  another  cog-wheel  fixed  to  the 
CM  B,  with  trundle  and  mill-stones  similar  to  those  already  described  e 
by  iihii^  means  the  shaft  can  turn  two  pair  of  stones  at  once;  and  when 
one  pair  only  is  wanted  to  grind,  the  lantern  H  and  spindle  IK  are  taken 
out  mmtht  other. 

SMOCK-MILL. 

Thb  other  method  ^l  bringing  the  windshaft  and  sails  into 
a  pogition  proper  for  receiving  the  impression  of  the  wind  iS| 
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by  what  is  called  the  smock-mill.  This  mill  is  more  expen^ 
fiiye  in  the  construction,  and  more  decidedly  advantageoas, 
as  it  can  be  made  of  any  required  dimensions.  It  is  built  in 
the  form  of  a  round  turret,  having  at  the  top  of  it  a  wooden 
ring  with  a  groove  in  it,  furnished  with  a  number  of  brass 
truckles,  kept  equi-distant  from  each  other  by  their  centre 
pins  being  fixed  into  a  circular  hoop.  Into  this  groove  the 
nraming  of  the  upper  or  movable  part  of  the  mill,  which  is 
called  the  head,  or  cap,  enters,  and  a  very  slight  power  is 
alone  sufficient  to  turn  it  about  ^at  the  sails  may  rece.ive  the 
action  of  the  wind.  The  head  or  cap  is  very  ingeniously 
contrived  to  turn  itself  about  whenever  the  wind  changes, 
by  a  small  p2ur  of  sails,  or  fans,  fixed  up  in  a  frame  that 
projects  from  the  back  part  of  the  head. 

Fig.  124,  a  the  fans,  having  ot.  its  axis  a  pinion  of  10  leaves  by  which 
gives  motion  to  a  cog-wheel  of  60  teeth  c,  its  axis  d,  and  a  pinion  of 
12  teeth  at  the  lower  end  e,  turning  a  bevelled  wheel  of  72  teeth/,  a  vertictl 
iron  shaft  g,  havine  a  pinion  of  11  teeth  A,  that  works  in  a  circle  of  120 
cogs.  Tlierefore,  whenever  the  wind  chtinges,  it  acts  obliquely  upon  the 
vanes  of  the  fan,  and  turns  it  round,  which,  giving  an  impube  to  the 
connecting  machinery,  brings  the  main  shaft  of  the  sails  slowly  about  to  fiioe 
the  direction  of  the  wind.  The  method  of  this  operation  is  as  follows:  the 
fans,  having  received  the  action  of  the  wind,  turn  round,  and  the  piiiion  b  of 
10  leaves,  that  is  upon  its  axis,  gives  motion  to  the  cog-wheel  of  60  teeth 
c,  fixed  on  an  inclined  axis  which  has  at  the  lower  end  die  pinion  of 
12  leaves  e,  acting  upon  the  bevelled  wheel  of  72  teeth  f,  fixed  on  a  vertical 
iron  axis,  and  giving  motion  to  the  pinion  of  1 1  teeth  h,  that  works  in  the 
circle  of  120  cogs.  A  B  two  of  the  sails  (the  other  two  being  endwise 
cannot  be  seen)  fixed  on  an  iron  shaft  or  axis  C  D,  by  screwing  them  to 
an  iron  cross  formed  at  one  end  of  it.  Upon  this  shaft  is  the  cog-wheel  E, 
that  acts  upon  the  lantern  F,  fixed  on  a  strong  vertical  shaft  extending  from 
the  top  to  the  bottom  of  the  mill,  and  having  on  the  lower  end  the  large 
wheel  t  if  giving  motion  to  the  two  opposite  pinions  k  k,  which  torn  the 
spindles  ai^i  the  mill-stones  G  H.  A  wneel  is  fixed  on  the  main  axis  at  I, 
to  give  action  to  the  pinion  on  the  horizontal  roller  m,  which  has  a  rope 
wrapped  about  it  to  wind  up  the  sacks  of  com.  The  same  wheel  I  turns 
another  horizontal  axis  that  has  several  wheels  to  receive  endless  ropes  for 
turning  the  bolting  and  dressing  machines.  On  the  middle  part  of  the 
vertical  shaft  K  L  is  the  wheel  I,  which  turns  the  roller  m*  to  draw  up  die 
sacks  of  com  from  the  lower  part  of  the  mill,  which  is  used  as  a  storehouse; 
being  divided  into  as  many  compartments  as  the  miller  may  require.  To 
the  mill-stone  spindle  is  attached  a  pair  of  regulating  balls,  to  regulate  the 
velocity  of  the  mill.  For  the  manner  of  applying  this  regi2ator  see 
fig.  125,  /a  spindle,  on  which  is  fixed  the  pinion  ky  playing  into  the  large 
^eel  tiiat  is  attached  to  the  vertical  shaft ;  the  )ower  end  of  the  spindle 
enters  into  a  >iquare  formed  on  the  top  of  the  millstone  axis  at  m ;  imme- 
diately beneath  the  pinion  two  iron  rods  are  jointed,  bending  downwards, 
having  a  heavy  iron  ball  o  o  fastened  to  the  end  of  each ;  to  these  rods  ire 
attacl)ed  two  links  at  pp,  to  suspend  a  collar  capable  of  sliding  freely  up 
and  down  upon  the  spindle  I;  this  collar  is  embcaced  by  a  fork,  formed  on 
a  steelyard,  lying  horizontal,  and  suspended  by  the  fulcrum  q  ;  r  is-an  iron 
rod  fixed  at  tlic  extreme  end  of  the  steelyard,  and  having  at  the  bottom  ^ 
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it»  hook  to  connect  it  with  the  lever  #,  whose  fulcrum  is  t ;  this,  hy  means 
tftii  iron  rod,  suspeuds  one  end  of  the  hridge  on  which  the  lower  pivot  of 
ibe  mill-stone  rests,  the  other  end  bearing  on  a  fulcrum,  or  centre. 

Wbenever  the  mill  acquires  Telocity,  the  iron  balls,  by  their  centrifugal 
force,  will  fly  out,  and  elevate  the  collar,  which,  acting  upon  the  connecting 
pirtSy  will  let  the  upper  mill-^tone  down  nearer  to  the  lower  one,  and  the 
nsistaiice  or  friction  thus  caused  will  counteract  the  increased  velocity  of 
tbe  wind.  On  the  contrary,  if  the  vrind  decreases,  the  balls  will  fiadl 
towards  each  other,  and  let  dovm  the  sliding  collar,  which  will  raise  tbe 
top  mill'Stone,  and  by  increasing  the  distance  between  it  and  the  lower 
one  cause  the  mill  to  acquire  greater  velocity.  For  this  purpose  a  weight  v 
a  hong  upon  the  steelyard,  sufficient  to  raise  the  stdhe  whenever  the 
descent  of  the  collar  will  permit  it  so  to  do.  Several  notches  are  cut  into 
tlK  steelyard  for  diiSerent  positions  of  the  fulcrum  q  and  rod  r,  to  regulate 
more  effectually  the  motion  of  the  machineiy.  For  instance,  if  the  wind 
ibould  blow  stronger,  and  the  mill  go  slower,  contrary  to  the  effect  expected, 
it  shows  that  the  regulation  is  too  strong :  to  remedy  this,  the  leverage  of  the 
baQs  must  be  increased  by  reducing  the  distance  between  the  fulcrum  q 
aad  the  rod  r,  by  shifting  either  of  them  into  different  notches.  Qn  the  other 
hand,  if  tbe  velocity  <n  the  mill  should  increase  with  the  velocity  of  the 
vind,  it  shows  tha^  the  regulation  is  not  strong  enough,  and  that  the 
fnlcruin  q  and  the  rod  r  must  be  set  a  greater  distance  apart.  Sometimes 
A  happens  that  the  whole  limits  of  the  notches  on  the  steelyard  b  insuffi-  - 
cieot  to  edfectnate  the  desired  object ;  in  such  case,  the  actine  length  of  the 
Irver  ««  must  be  increased  or  diminished  by  removing  the  fulcrum  f  to  a 
peater  or  less  distance  from  the  suspended  rod  v. 

In  fig.  136  is  shown  the  construction  of  the  horizontal  shaft  or  axis  that 
^on  dbe  sails.  It  is  an  octagonal  iron  shaft,  having  two  cylindrical  necks, 
ivnid,  where  it  rests  upon  its  bearings.  At  the  end  it  has  a  kind  of  box 
vhidi  has  two  mortises,  e  andf,  through  it  in  perpendicular  directions,  to 
ncrive  the  laik.  At  the  back  of  one  of  these  mortises,  and  the  front  of  the 
«<her,  a  projecting  arm  is  left  in  the  casting  to  receive  screw  bolts  for 
holding  the  sails  secure  in  the  mortises.  Hie  sails  are  braced  to  each  arm 
hj  a  rope  stay,  proceeding  from  the  end  of  a  pole,  fixed  at  the  end  of  the 
€ast4ron  axis.  Eadi  sail  is  formed  of  a  sail  doth,  spread  upon  a  kind  of 
htiice  woik,  similar  to  that  described  under  the  head  of  Post-mill.  The 
ptane  of  thb  frame  is  inclined  to  the  plane  of  the  saifs  motion,  at  such  an 
uigle,  that  the  wind  blowing  in  the  direction  of  the  axis  acts  upon  the  sails 
» inclined  planes,  and  turns  them  about  with  a  power  proportionate  to  the 
fiiie  of  the  saib  and  the  force  of  the  wind.  The  coff-wneel  is  fixed  on  the 
uis  by  bdting  its  arms  against  the  stanch  marked  C.  The  miU-stones  are 
the  fame  as  tlK>se  describ^  under  the  head  of  Flour-mill. 

Parent,  Euler,  and  other  geometricians  have  written  much 
upon  the  nature  and  construction  of  windmills;  but  as  we 
consider  the  experiments  and  researches  made  by  our  own 
counUyman  Smeaton  to  be  far  superior  in  point  of  practical 
titility^  we  shall  content  ourselves  with  giving  his  opinion 
as  to  tbe  shape,  magnitude,  and  position  of  the  sails. 

By  Mr.  Smeaton's  experiments  it  appears,  that  when  the 
sails  iirere  set  at  the  angle  of  55  degrees  with  the  axis, 
proposed  as  the  best  by  m.  Parent  and  others,  they  were  the 
most  disadvantageous  of  any  that  were  tried  by  him. 
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On  increasing  the  angle  of  the  sails  with  the  axis  fitm  72 
to  7^  degrees,  an  augmentation  of  power  was  produced  in 
the  ratio  of  31  to  45,  and  this  proves  to  be  the  angle  most 
commonly  in  use  when  the  surfaces  of  the  sails  are  planes. 

If  nothing  more  were  requisite  than  to  make  the  mill 
acquire  motion  from  a  state  of  rest,  or  to  prevent  it  from 
passing  into  rest  fr^m  a  state  of  motion,  the  position  recom- 
mended by  M.  Parent  would  be  the  best;  but  if  the  sails  are 
intended,  with  given  directions,  to  produce  the  greatest 
effect  possible  -in  a  given  time,  we  must  reject  M.  Parenf  s 
position;  and,  if  use  be  made  of  planes,  confine  our  angle 
within  the  limits  of  72  and  75  degrees  with  the  axis. 

The  variation  of  a  degree  or  two  in  the  angle  makes  very  little 
difference  in  the  effect,  when  the  angle  is  near  upon  the  best 

Mr.  Smeaton  made  several  experiments  upon  a  large  scale, 
and  found  the  following  angles  to  answer  as  well  as  any. 
The  radius  is  supposed  to  be  divided  into  six  parts,  and  one- 
sixth,  reckoning  from  the  centre,  is  called  one^  the  extremity 
being  denoted  six. 


Angle  with 

Angle  with  the 

No. 

Uie  axis. 

plane  of  the  motion. 

1 

- 

- 

- 

- 

-. 

-     72*^     - 

• 

- 
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-     -     18 
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- 

-     71       - 

. 
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. 

-     -     19 
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- 
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- 
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-     72      . 
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-    .    18  middle 
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- 
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-     74      - 
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. 

-    -    16 

5 

- 

»- 

- 

- 
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.  m  - 

- 

- 

- 

.    .    12f 

6 

- 

- 

- 

- 

- 

-    83      - 

- 

- 

- 

-    -      7  extremity. 

Having  thus  obtained  the  best  position  of  the  sails,  or 
manner  of  weathering,  as  it  is  called  by  the  workmen. 
Mr.  Smeaton  next  proceeded  to  try  what  advantage  could  be 
made  by  an  addition  of  surface  upon  the  same  radius.  He 
result  was,  that  a  broader  sail  requires  a  greater  angle;  and 
that  when  the  sail  is  broader  at  the  extremity  than  near  the 
centre,  this  shape  is  more  advantageous  than  that  of  a 
parallelogram.  The  figure  and  proportion  of  the  enlarged 
sails  he  found  to  answer  best  upon  a  large  scale,  where  tbe 
extreme  bar  is  one-third  of  the  radius,  or  whip,  and  is  divided 
by  the  whip  in  the  proportion  of  3  to  5.  The  triangular,  or 
leading  sail,  is  covered  with  board,  from  the  point  downwardSf 
one-third  of  its  height,  the  rest  with  cloth  as  usuaL  The 
angles  mentioned  in  the  preceding  article  are  found  to  be  the 
best  for  the  enlarged  s^s  also;  for  in  practice  it  is  found, 
that  the  sails  had  better  have  too  little  than  too  much  wind. 

Many  persona  have  imagined  that  the  more  sail  the  greater 
tbe  advantage,  and  have  therefore  proposed  to  fill  up  the 
whole  area,  and  by  making  each  sail  a  sector  of  an  elupsis, 
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iccording  to  M.  P^^ent,  to  uitercept  the  whole  cylinder  of 
wind,  and  therri>y  to  produce  the  greatest  effect  possible : 
bat  from  our  author's  experiments  it  appears,  that  when  the 
sur&ce  of  all  the  sails  together  exceeded  seven-eighths  of 
the  circular  area  containing  them,  the  effect  was  rather 
(Bminished  than  augmented;  and  consequently,  he  concludes^ 
that  when  the  whcde  cylinder  of  wind  is  intercepted,  it  does 
not  then  produce  the  greatest  efiect  for  want  of  proper 
I     mterstices  to  escape. 

^Itis  certainly  desirable,"  says  Mr.  Smeaton,  ''that  the 
sails  of  windmills  should  be  as  short  as  possible,  but  at  the 
same  time  it  is  equally  desirable  the  quantity  of  cloth  should 
be  the  least  ihat  may  be,  to  avoid  damage  by  sudden  squalls 
cyf  wind.  The  best  structure,  therefore,  for  large  mills,  is 
that  where  the  quantity  of  cloth  is  the  greatest  in  a  given 
circle  that  can  be :  on  this  condition,  that  the  effect  holds 
out  in  proportion  to  the  quantity  of  cloth;  for  otherwise  the 
effect  can  be  augmented  in  a  ^ven  degree  by  a  lesser 
increase  of  doth  upon  a  larger  radius,  than  would  be 
rcouired  if  the  cloth  were  increased  upon  the  same  radius." 

The  ratios  between  the  velocities  of  windmill  sails  unloaded, 
and  when  loaded  to  their  maximum,  turned  out  different  in 
different  experiments,  but  the  most  general  ratio  of  the  whole 
ttas  as  3  to  2.  In  general,  however,  it  appeared,  where  the 
power  was  greater,  whether  by  an  enlargement  of  surface,  or 
a  greater  velocity  of  the  wind,  that  the  second  term  of  the 
I     ratio  was  less. 

I        The  ratio  between  the  greatest  load  that  the  sails  will  bear 

I    without  stoppinff,  or  what  is  nearly  the  same  thing,  between 

^    the  least  load  that  will  stop  the  sails,  and  the  load  at  the 

maximum,  were  confined  between  that  of  10  to  8,  and  of  10 

t     to  9;  and  at  a  medium  about  10  to  8^,  or  of  6  to  5;  though 

'     it  appeared  on  the  whole,  that  where  the  angle  of  the  sails  or 

quantity  of  cloth  was  greatest,  the  second  term  of  the  ratio 

was  less. 

The  following  maxims  have  been  deduced  by  Mr.  Smeatou 
from  his  experiments : 

Maxim  1.  Therelocity  of  the  windmill  sails,  whether  unloaded  or  loaded, 
so  as  to  produce  a  maximum,  is  nearly  as  the  velocity  of  the  wind,  their 
shape  and  motion  being  the  same, 

Miaxm  3.  The  load  at  the  maximum  is  nearly,  but  somewhat  less  than, 
at  the  square  of  the  velocity  of  the  wind,  the  shape  and  position  of  the 
•aiU  heiitg  the  same. 

Mt£m  3.  The  effects  of  the  same  saib  at  a  maiimum  ar^  nearly,  bat 
sooewfaal  less  than,  as  the  cubes  of  the  Telocity  of  the  wind. 

Munm  4.  The  load  of  the  same  saib  at  the  maximum  is  nearly  as  the 
iqaafes,  and  their  effects  as  the  cubes  of  their  number  of  turns  in  a  giren  time. 
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Maxim  5.  When  the  saib  are  loaded  so  as  to  produce  a  maximoxn  at  i 
given  Telocity,  and  the  velocitv  of  the  wind  increases  the  load  containiB^ 
the  same :  first,  the  increase  of  effect,  when  the  increase  of  the  velocity  <n 
the  wind  is  smaller,  will  be  nearly  as  the  squares  of  those  Telocities; 
secondly,  when  the  velocity  of  the  wind  is  double,  the  effects  will  be 
i.early  as  10  to  27^;  but  thirdly,  when  the  velocities  compared  are  more 
than  double  of  that  where  the  given  load  produces  a  maximum,  the  effects 
increase  nearly  in  a  simple  ratio  of  the  velocity  of  the  wind. 

Maxim  6.  If  saib  are  of  a  similar  figure  and  position,  the  number  of 
turns  in  a  given  time  will  be  reciprocally  as  the  ladius  or  length  of  the  sail. 

Maxim  7.  The  load  at  a  maximum  that  sails  of  a  similar  figure  and 
position  will  overcome,  at  a  given  distance  from  the  centre  of  motion,  will 
be  as  the  cube  of  the  radius. 

Maxim  tt.  The  effect  of  sails  of  similar  figure  and  position  are  as  the 
square  of  the  radius. 

Maxim  9.  The  velocity  of  the  extremity  of  Dutch  sails,  as  well  as  of  the 
enlarged  sails,  in  idl  their  usual  positions  when  unloaded,  or  even  loaded  to  a 
maximum,  are  considerably  quicker  than  the  velocity  of  the  wind. 

Mr.  Ferguson  remarks,  that  it  is  almost  incredible  to 
think  with  what  velocity  the  tips  of  the  sails  move  -whea 
acted  upon  by  a  moderate  wind.  He  several  times  counted 
the  number  of  revolutions  made  by  the  sails  in  10  or  15 
minutes )  and,  from  the  length  of  the  arms  from  tip  to  tip, 
has  computed^  that  if  an  hoop  of  the  same  size  were  to  run 
upon  plain  ground  with  equal  velocity,  it  would  go  upwards 
of  30  miles  in  an  hour. 

RULBS   FOR   MODELLING  THB  SAILS  OP  WINDMILLS* 

FiQ.  127  is  a  front  view  of  one  of  the  four  sails  of  a  windmill. 
The  letters  of  reference  will  serve  to  explain  the  terms  made 
use  of  in  the  following  description: 

1 .  The  length  of  the  arm,  or  whip  A  A,  reckoned  from  the  centre  of  the 
great  shaft  B  to  the  outermost  bar  19,  governs  all  the  rest. 

2.  The  breadth  of  the  face  of  the  whip  A,  next  the  centre,  is  one-thirtietb 
of  the  length  of  the  whip,  its  thickness  at  the  same  end  is  three-fourths  of 
the  breadth,  and  the  back-side  is  made  parallel  to  the  &ce  for  half  the 
length  of  the  whip,  or  to  the  tenth  bar ;  the  small  end  of  the  whip  is  square, 
and  at  its  end  is  one-sixtieth  of  the  length  of  the  whip^  or  half  the  breadth 
at  the  great  end. 

3.  From  the  centre  of  the  shaft  B  to  the  nearest  bar  1  of  the  lattice,  is 
one-seventh  of  the  whip ;  the  remaining-  space  of  six-sevenths  of  the  whip 
is  equally  divided  into  19  spaces,  so  as  to  make  19  bars ;  one-ninth  of  one 
of  these  spaces  is  equal  to  the  mortises  for  the  bars,  the  tenons  of  whjch 
are  made  square  where  they  enter  and  go  through  die  whip,  and  coase- 
quentlv  the  mortises  must  be  square  also. 

4.  To  prepare  the  whip  for  mortising,  strike  a  gage-score  at  about  tbre^ 
fourths  ot  an  inch  from  the  istce  on  each  side,  and  the  gage-score,  od  the 
leading  side  4,  5,  will  give  the  face  of  all  the  bars  on  that  side;  but  on 
the  other  side^  the  faces  of  all  the  bars  will  fall  deeper  than  the  gage-score, 
according  to  a  certain  rule.  To  find  the  space  to  be  set  off  for  this  purpoie 
for  each  bar,  construct  a  scale  in  the  following  maimer : 

5.  Extend  the  compasses  to  any  distance  at  pleasure,  so  that  six  times 
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fat  exteot  may  be  greiter  than  the  breadth  of  the  whip  at  the  lerdcth  bar ; 
ftC  those  sn  soaces  off  upon  a  stnugfat  line  /or  a  base,  at  the  end  of  which 
mm  a  perpenoicular ;  set  off  three  spaces  upon  the  perpendicular,  and  divide 
dtt  two  spaces  thai  are  fiirthest  from  the  base  line  into  six  ecjual  parts  each, 
» that  this  quantity  of  two  spaces  may  be  equally  divided  mto  12  spaces, 
oafk&l  out  by  13  points;  from  each  of  these  points  draw  a  litie  to  the 
opposite  end  of  the  base,  as  so  many  rays  to  a  centre,  and  the  scale  is  finished. 

6.  To  apply  this  scale  to  any  given  case,  set  off  the  breadth  of  the  whip 
u  the  last  bar,  (that  is,  the  bar  at  the  extremity  of  the  sail,)  ftom  the 
centre  of  the  teaXe  along  the  base  towards  the  perpendicular;  and  at  this 
point  raise  a  perpendicular  to  cut  the  ray  nearest  to  the  base ;  also  set  off 
the  breadth  of  the  whip  at  the  seventh  W  in  tlie  same  manner,  and  at  this 
point  erect  another  perpendicular  tb  cut  the  thirteenth  radius.  From  the 
mtersection  of  the  perpendicular  (drawn  upon  the  breadth  of  the  last  bar) 
with  the  first  of  the  thirteen  radii,  to  the  intersection  of  the  other  perpendi^ 
cabr  with  the  thirteenth  ladius,  draw  an  oblique  line  cutting  all  the  rest, 
and  the  distances  of  each  of  these  last-mentioned  points  of  intersection  from 
the  base  line  is  the  space  which  the  face  of  each  bar  is  distant  from  the  gage* 
bae  on  the  diiving  side. 

7.  These  distances  give  a  difierence  set  off  for  eadi  bar  till  the  seventh, 
which  same  must  be  set  off  for  all  the  rest  to  the  first. 

8.  These  mortises  must  be  square  to  the  leading  side  of  the  whip. 

9.  ¥nien  the  mortises  are  cut,  let  the  fiice  of  the  whip  be  sloped  off  so  as 
loagree  with  the  foce  of  the  bars  in  every  part, 

10.  Two-filths  of  the  whip  are  the  length  of  the  last  or  longest  bar. 

11.  Five-eighths  of  the  longest  bar  must  be  on  the  driving  side  of  the 
whip,  and  three^ghths  on  the  leading  side,  each  being  reckoned  from  the 
■dSe  of  the  whip. 

12.  The  {m>portion  of  the  mortises  already  givezi  determines  the  size  of 
tie  ban  at  the  mortises,  but  their  thickness  must  be  diminished  each  vray, 
so  as  to  be  only  one-half  at  the  ends;  but  the  face  must  be  kept  of  equal 
beadth  all  the  way.  ^  .      ,   ,  ,  * 

13.  The  leadmg  side  goes  no  fiirther  than  the  fourth  bar,  and  there  only 
projects  one-third  of  the  projection  of  the  last  bar. 

14.  AU  the  bars  on  the  driving  side  are  made  hollowing  in  the  arch  of  a 
aide,  whidi  begins  to  spring  one-third  of  the  length  of  the  bars  on  the 
dnving  side  from  the  whip;  and  the  sweep  is  such,  that  if  a  straight  line  be 
anptted  to  the  foce  of  the  bar  from  the  whip  to  the  end,  the  frice  of  the  bar 
Sold  leave  the  straidit  line  about  the  breadth  of  the  bar. 

15.  Thereoughttobethreeuplongs,as3,2,10, to  the  driving,  and 

twotDthckadingside,as5,4,tostrengthenthelattice.  Dr.Rees's Cyclopdediu* 

Mr.  Richard  Hall  Gower,  a  gentleman  in  the  sea-sen  ice  of 
the  East  India  Company,  has  made  somejudicious  experiments 
with  a  Tiew  of  determining  the  proper  angles  of  weaAer  which 
onght  to  be  given  to  the  vanes  of  a  vertical  windmill :  his 
general  conclusion  is,  that  each  vane  should  be  a  spiirf,  gene- 
rated  by  the  circular  motion  of  a  radius,  and  of  a  line  moving 
at  ririit  angles  to  the- plane  of  a  drcular  motion.  The  con- 
stmctioii  he  deduces  from  his  inquiries  is  simple,  being  this: 

The  length,  breadth,  and  angle  of  weather  at  the  extremity 
of  a  vane  being  given ;  to  determine  the  ajigles  of  weather  at 
differtct  distances  from  the  centre. 
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Let  AB,  fig.  129,  be  the  length  of  the  Tane;  BC  its  breadth;  isd 
BC  D  the  angle  of  the  weather  at  the  extremity  of  the  Tme^  equal  to 
20  degrees.  With  the  length  of  the  vane  A  B,  and  breadth  B  C,  constroct 
t)^«  isosceles  triangle  ABC:  from  the  point  B  draw  B  D  perpendicular  to 
C  By  then  B  D  is  the  proper  depth  of  the  vane. 

Divide  the  line  A  B  into  any  number  of  parts,  (five  for  instance,)  at  those 
divisions  draw  the  lines  1  £^  2  F,  3  G,  and  4  U,  parallel  to  the  line  B  C ; 
also^  from  the  points  of  division  1, 2,  3,  and  4,  draw  the  lines  1 1,  2  K,  3  L, 
and  4  M,  periHsndicutar  to  1  £,  2  F,  3  G,  Su:.  all  of  them  equal  in  length 
to  BD.  Join  £1,  FKf  GL,  and  HM:  then  the  angles  lEI,  2FK, 
3  G  L,  and  H  M,  are  the  an|^les  of  weather  at  those  divisions  of  the  vane ; 
and  if  the  triangles  be  conceifed  to  stand  perpendicular  to  the  plane  of  the 
paper,  the  angles  I,  K,  L,  M^  and  D,  becoming  the  vertical  andes,  the 
hypodieuuse  of  these  triangles  will,  as  before  suggested,  give  a  perfect  idea 
of  the  weathering  of  the  vane  as  it  recedes  from  the  centre. 

METHOD  OF  CLOTHING  AND  UNCLOTHING  THE  SAILS  WHILR  IK 

MOTION. 

Mr.  John  BywatbR,  of  Nottingham,  took  out  a  patent  m 
1804,  for  a  metiiod  of  clothing  and  unclothing  the  sails  of 
windmills  while  in  motion,  by  which  the  mill  may  be  clothed 
either  in  whole  or  in  part,  in  an  easy  and  expeditious  manner, 
by  a  few  revohitions  of  the  sails,  whether  they  be  going  fast 
or  slow,  leaving  tiie  surface  smooth,  even,  and  regular  in 
breadth  from  top  to  bottom ;  and  in  like  manner  the  clotb, 
or  any  part  of  it,  may  .be  rolled  or  folded  up  to  the  whip  at 
pleasure,  by  simple  cmd  durable  machinery. 

F!g.  130.  Nos.  1,  2p  3,  are  front  views  of  the  sails  as  unclothed,  half- 
clothed,  and  clothed. 

Fig.  1  ai,  a  ring  of  iron,  or  other  material,  about  4  indies  wide,  and  I  of 
all  inch  thick,  whose  diameter  must  be  sufficient  to  embrace  the  shalt-h^, 
to  which  it  must  be  well  secured  by  the  stays  aa. 

Fig.  132,  a  bevelled  wheel,  without  arms,  made  of  iron,  stayed  on  the 
edge  of  the  ring  so  as  to  turn  easily. 

Fig.  133,  a  spur  wheel  of  iron,  without  arms,  made  to  turn  easily  on  fbsr 
pins  fixed  into  four  ears  bbbb,  in  the  back  of  the  ring ;  which  piltf  ars 
turned  up  at  their  ends  to  keep  it  steady. 

Fig.  134  is  one  of  the  four  spindles  of  iron,  or  other  material,  with  i 
spur  nut  0,  and  a  beyelled  nut  6 ;  this  spindle  passes  through  fig.  131  at 
ccce,  and  the  nut  a  works  into  the  spur-wheel  as  seen  in  fig.  135,  aa< a. 
The  four  bevelled  nuts  (fig.  134)  work  into  the  bevelled  wheels  at  the  end 
of  four  cylinders  iiii  fig.  130,  Nos.  1,  2,  3,  and  so  turn  them ;  and  two 
of  these  spindles  must  be  shorter  than  the  others  when  the  stocks  are  not 
flush.  These  cylinders  are  made  of  wood  of  about  3  inches  diameter, 
and  are  to  be  placed  at  the  outside  of  the  leading  edge  of  each  sail,  roaixi 
which  the  cloth  is  rolled  (one  edge  being  fastened  on  for  that  purposf) 
when  the  sail  is  unclothed.  A  gudgeon  from  the  end  of  each  cynoder 
runs  into  an  iron  fiistcned  to  the  aihafuhead,  and  is  kept  in  its  place  bj  a 
nuC  strewed  to  its  end.  The  other  end  has  a  gudgeon  b,  which  turns  in 
the  eye  of  the  cross  iron  A,  at  the  points  of  the  whips ;  ////  four  cylinders, 
similar  to  i  1 1  •,  placed  on  the  inside  the  whips ;  one  behind  each  sail  to 
clothe  the  sails,  by  means  of  ropes  oooo,  &c.  fastened  to  them  and  tbeedee 
of  the  cloth.    At  the  end  of  esefa  of  these  four  cylindtn  a  nut  or  mhtAn 
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fiaed,  90999  to  ^*ock  into  the  bev«Qed  whed;  ig.  139,  ii^liose  teeth 
Hiirlinm  from  the  oeotre  in  proportion  as  thete  work  ftom  it,  whieh 
dfrfiwatioii  most  bt  reversed  when  tiie  sails  turn  in  the  contrary  way,  and 
godgeoos  to  run  into  irons  either  projecting  from  the  ring  or  festened  to  the 
shaMiead  like  the  other  cyUnders.  The  gudgeons  g  keep  these  cylinders 
Andy  in  Ike  cxoss  iron  &  at  the  point  of  the  whips,  and  stays  of  any  shape 
or  Bomber  will  keep  them  from  springing. 

Mow,  fi^ppoie  the  mill  fully  dothal,  as  at  3,  all  the  parts  of  the 
madunay  rerolTe  with  it  undisturbed  Ontil  a  lever,  fig.  136,  which  is 
fiotened  to  the  braces  or  fencing,  by  thecentre  pin  Oy  fig.  137,  on  which  it 
tune,  and  whose  end  h  is  wei§pted  to  han^  down  towards  the  breast  of 
the  mfll,  is  brought  into  an  horixontal  direction  by  puMing  a  string  attached 
to  the  end  c  witUn-side  the  miU,  which  end  h  sU^m  the  stud  ^,  projecting 
from  the  inner  snr&ee  or  back-front  of  the  spur-wheel,  fig.  135;  conse- 
^nenfly  the  four  spor-olits  a,  at  the  end  of  the  spindle,  fig.  134,  and  seen  at 
9  9  99f  fir.  135,  roD  round  tin  spur-wheel,  and  Ae  beveUed  nuts  b  at  the 
other  end  of  the  s^dle  work  mto  the  bevelled  wheels  of  the  outside 
cyimdcts  tttt,  at  1,  2,  3,  in  a  straight  direction  behind  them,  and  so 
taming  the  cylinders  roU  the  doth  on  them  till  it  is  rolled  up  to  the  whip* 
The  lever  is  then  driven  sideways  (its  spring  e  returning  it  again)  from 
the  stnd  in  the  back  &ce  of  the  spur-wheel  by  the  following  contrivance : 

A  screw,  b,  fig.  138,  is  cut  on  die  gudgeon  of  any  one  of  the  cylinders 
Mund  the  sail,  and  a  piece  of  iron,  c,  is  tapped  to  fit  it.  The  end  of  this 
■nm  runs  iitfo  a  slot  in  the  iron  dy  made  nst  to  the  shaft-head,  to  prevent 
^  iron  e  from  turning  with  the  cylinder,  but  allows  it  to  slide  up  and 
down  so  as  to  press  on  that  on  the  iron  a,  which  has  the  cnre  in  it,  and 
nbes  the  end  a  just  hkh  enough  to  drive  die  lever  aside  when  the  doth 
is  an  rolled  np,  the  thread  of  the  screw  adjusting  it  to  what  number  of 
levolntions  you  diooee  to  eniplqy  for  that  purpose.  The  point^nd  of  the 
inn  «,  is  that  part  of  it  which  pushes  aside  and  passes  the  lever,  fig.  136, 
and  moves  on  its  centre  ^  and  must  be  carried  under  the  spur-wheel  so  as 
to  act  behind  it  for  that  purpose.  By  letting  go  the  string  the  miller  may 
U,  any  time  leave  the  doth  on  the  sail  where  he  chooses,  likewise  the  sails 
nay  be  clothed,  or  any  part  thereof^  by  a  lever,  similar  to  a,  stopping  the 
stud  e,  on  the  edge  of  the  bevelled  whed,  fig.  132,  and  driven  ofi*  in  » 
ininMr  similar  to  the  spur-whed. 

Fig.  139  is  a  stay  ot  wood,  fixed  to  the  stock  or  whip  at  n  nfin,  1, 2, 3|. 
to  psevenl  the  cylinders  from  springing  too  much.  In  the  inside  there  is 
left  room  eooogn  for  the  doth  to  be  rolled  upon  the  cylinder  through  its 
in  in  the  eye  ol  this  stay,  bi  order  to  keep  the  strings,  whidi  go  over  the 
•d^  oC  the  shrouds  o  e  o  o,  Ice  tight  in  all  weathers,  a  cord,  passing  over 
a  spriag  of  any  soil  or  ^pe,  placed  under  the  sail,  is  &stened  to  and 
vomad  aboBt  the  upper  ends  of  the  cylinders,  in  a  direction  contrary  to  the 
Knags  and  doth.  To  prevent  the  strings  from  being  driven  dovmwards  by 
^  ^j^l■i^if^|g■^  force,  a  ring  or  two  arc  left  on  to  run  along  the  rods  in  the 
sUiDaBnerasj^Nos.2,3. 

The  width  of  the  cloUi^  diameter  of  the  cylinders,  and 
nomber  of  revolutions  you  choose  to  employ  to  roll  up  your 
clothy  most  determine  the  size  of  the  wheels.  In  order  to 
Ud  the  cloth  instead  of  rolling  it,  one  end  of  it  must  be 
&8teoed  to  the  whip  and  lines  passed  across  the  outside  of  it 
(tuoogfi  loops  fastened  to  its  edge,  and  consequently  over 
tftf  edee  of  the  shrouds,  and  connected  with  the  cylinder  or 
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roller,  of  any  shape,  placed  under  the  sail,  or  el^where,  fte 
other  ends  of  the  lines  must  be  connected  with  the  said 
cylinder  or  roller 5  and  when  the  cloth  is  drawn  up  infolds 
towards  the  whip,  so  much  of  these  lines  will  be  rolled  on 
the  cylinder  one  way,  and  off  from  it  the  other,  as  will  be 
sufBcient  to  let  out  the  cloth  agwn  when  the  same  cylmder, 
turning  the  contrary  way,  draws  the  cloth  on  the  sail.  By 
this  mode  the  patentee  gets  rid  of  four  cylinders,  with  their 
appendages,  the  work  bemg  in  other  respects  the  same  as  in 
rolling  the  cloths;  but  since  folding  gives  a  surface  much 
inferior  in  many  respects  to  rolling,  and  induces  incon- 
veuiences  and  accidents  from  which  the  rolled  surfoce  is  free, 
he  advises  the  rolling,  rather  than  for  a  small  saving  to  endure 
the  inconveniences  of  folding. 

If  a  sudden  gust  of  wind  should  arise  in  the  absence  of  the 
miller,  so  as  to  drive  the  mill  faster  than  a  given  velocitj^,  a 
pair  of  centrifugal  balls,  like  the  governor  of  a  steam  engine, 
may  be  so  placed  as  to  adj^ist  the  lever  so  that  it  may 
immediately  unclothe  itself* 

BAINKS^'S    VBRTICAL  W1N0MILL  SAILS. 

Mr.  Robert  Raines  Baines,  of  Myton,  Kingston  upon 
Hull,  secured  to  himself  in  June  1815,  by  patent,  an  improve- 
ment in  the  construction  of  vertical  windmill  sails. 

Fig.  140  represents  six  sails ;  Ae  stocks  or  anns  marked  A  arc  the  same 
IS  used  for  common  vertical  windmills;  the  sails  marked  Bare  made  of 
canvass,  and  fastened  to  the  front  sides  of  the  said  stocks  or  arms  along  the 
edges  marked  a,  a,  and  to  the  rods  or  bars  marked  D,  at  or  near  the  poiat 
marked  b,  and  are  also  extended  by  the  rods  or  bars  marked  £,  whicn  are 
inserted  into  or  fixed  to  the  backs  thereof,  and  by  rods  or  bars  marked  «, 
which  are  inserted  into  or  fastened  to  the  edges  of  the  said  sails;  each  sail 
is  also  connected  by  a  bar  or  rod  marked  F,  as  hereinafter  described, 
with  the  next  following  sail.  Tlie  shafts  or  rods  marked  C  are  faistened  to 
the  stocks  or  arms  marked  A,  at  or  near  cf,  d,  by  loops  or  otherwise,  so  as 
to  allow  them  to  move  as  hinges  do.  The  bars  or  rods  marked  I>are  eidi  of 
them  connected  with  the  shafts  or  rods  marked  C  by  a  joint,  whidi  will 
allow  the  said  bars  or  rods  marked  D  to  move  from  the  wind  independent 
of  the  shafts  or  rods  marked  C,  in  case  it  should  blow  against  the  back  sides 
of  the  said  sails,  but  will  not  allow  the  said  bars  or  rods  marked  D  to  mo?e 
from  the  wind  independent  of  the  said  shafls  or  rods  marked  C,  when  the 
wind  blows  against  the  front  sides  of  the  said  sails.  The  bars  or  rods 
marked  F  connect  the  comers  marked  e  of  each  sail  with  the  comer  oiib^ 
next  following  &ail  at  or  near  the  point  marked  b,  leading  behind  such 
following  sail,  and  which  bars  or  rods  a.re  fiistened  by  hooks,  or  other  proper 
means,  at  or  near  ^  their  points,  bent  to  such  an  angle  that  if  the  wind 
should  blew  against  the  ba«k  sides  of  the  said  sails  and  force  them  forward, 
the  said  bars  or  rpds  will  be  unhooked  and  set  at  liberty  A  rim  or  circle 
marked  G  is  fixed  by  screws  or  otherwise  upon  the  said  stocks  or  arms 
marked  A,  (or  the  purpose  of  supporting  the  fulcra  or  props  marked  H. 
At  I  is  rtpretented  the  head  or  end  of  t  rod  or  bar  which  pisses  thioagfa 
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Ihe  eeatie  of  tbe  tiktrec  of  the  mill,  aiid  to  which  weight  nunr  be  applied, 
in  tlie  maDDer  well  known  to  mill-wrighls,  to  regulate  the  saia  sails 
towards  eft  from  the  wind.  The  bars  or  cranks  marked  K  are  iiied  to  the 
ifaafts  or  rods  marked  C,  at  such  an  angle,  and  in  such  a  manner  as  will, 
wfcen  and  as  they  are  acted  upon  by  tb^  levers  or  bars  marked  L,  either 
nfier  the  said  bars  or  rods  marked  D  and  the  sails  to  recede  from  the  wind 
uniil  the  said  sails  present  only  their  edees  to  it,  or  will  force  the  said 
ban  or  rods  marked  D  towards  the  wind,  until  ihey  present  to  it  their 
breadth.  The  levers  or  bars  marked  L  are  connected  at  one  of  their  ends 
widi  the  bead  of  the  aforesaid  rod  marked  I,  and  at  the  other  ends  with  the 
bars  or  cnnks  marked  K,  and  form  levers,  resting  or  acting  upon  the  fulcra 
or  pops  marked  H,  and  are  governed  or  regulated  in  £eir  action  by  the 
»id  rod,  the  head  of  which  is  shown  at  I.  The  said  rods,  bars,  cranks, 
loooi,  and  rim,  mav  be  made  of  iron,  or  other  suitable  material  or  materials, 
md  ooonected  at  their  proper  places  by  joints  or  otherwise,  (so  as  to  fix 
^em  or  allow  their  action,)  by  noodes  well  koown  to  mill-wrights. 

CUBITT's  MBTHOD  of  SaUALIZING  THE  MOTION  OF  THE  SAILS 
*  OF  WINDMILLS. 

Mm.  WiLUAM  CuBiTT,  of  NorUx  Walsham^  Norfolk,  en- 
gineer, took  out  a  patent  for  this  invention  in  May  1807) 
which  the  specification  thus  describes : 

**Mjr  invention  consists  in  applying  to  windmills  an  appa- 
ntos  or  contrivance  which  shall  cause  the  vanes,  constructed 
or  fimued  in  a  new  and  peculiar  manner,  to  regulate  them- 
selves, so  as  to  preserve  an  imiform  velocity  under  those 
circumstances  in  which  the  wind  would  otherwise  irregularly 
impel  them,  as  is  the  case  with  the  sails  or  vanes  of  miUs  of 
tke  present  construction.    I  accomplish  this  pbject  by  forming 
the  vanes  (for  the  sake  of  lightness)  with  fewer  cross  bars  or 
shixnids  than  in  the  common  method,  and  filling  up  the 
remaining  open  space  with  small  flat  surfaces,  formed  either  of 
boards  or  sheet  iron  painted,  or  any  other  fit  substance,  (though 
I  prefer  and  recommend  them  to  be  made  of  a  framing  of 
irood^  covered  over  with  canvass.)     1  hang  or  suspend  the 
Bame  on  their  ends  by  gudgeons,  pivots,  centres,  or  any  other 
convenient  method,  so  as  to  open  and  shut  like  valves,  (for 
which  reason  I  shall  hereafter  so  call  them,)  preferring 
itways  to  have  the  centre  of  motion  as  near  ihe  upper  longi- 
tudinal edge  of  the  valve  as  possible,  as  shown  in  the  drawing, 
b  b,  fig.  141,  which  exhibits  a  valve  detached.    I  apply  these 
valves  to  vanes  of  the  present  construction,  by  suspending 
them  to  the  cross  bars  or  shrouds  of  the  vane  by  their  longi- 
tudinal edges^  fiistened  thereto  by  joints  or  otherwise,  as  may 
be  preferred.     These  vanes,  constructed  of  valves  as  above 
described,  and  which  are  represented  in  the  drawing,  fig.  142^ 
fttscBi  a  greater  or  less  surface  to  the  wind,  accordmg  as  it 
^ctf  with  more  or  less  force  on  them;  and  if  the  wind  be  v^ry 
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«ti!ODg  or  liigli^  tiie  thIfcs^  by  its  f  mptike,  vrovUL  tarn  tbeir 
edges  to  it^  and  their  sur&ces  parallel  to  the  direction  of  the 
wind;  die  vanes  would  consequently  remain  stationary,  or 
At  least  have  but  Utile  motion;  but  to  obviate  this  oircuBii- 
stance  taking  place,  t  apply  &n  apparatus  wlttoh  shall  cmise 
the  valves  always  to  present  their  fhft  surfaces  to  tlie  wind, 
or  such  portion  of  their  surfaces  as  mav  be  desirable.  The 
Apparatus  which  I  Iiave  usually  appliea  is  exlobited.in  the 
drawings,  figs.  143  and  144,  which  last  figure  shows  two 
modes  of  performing  tiiis  object;  though  it  must  be  evidest 
that  various  other  means  may  be  allied  to  produce  the  same 
/effect  on  the  valves,  and  I  therefore  do  not  mean  to  confine 
myself  to  those  j^reeise  modes  of  effectiug  it,  but  consid^  it 
unnecessary  here  to  detail  others,  as  the  examples  exhibited 
in  the. drawings  fully  ascertain  the  sort  .of  apparatus  requisite. 

^*  Fig.  142  represents  a  set  of  Tanes,  in  vrhich  A  A  show  the  fidres  tamed 
to  the  wind,  and  their  surfeoes  all  exposed  at  right  angles  with  tiie  direetioo 
of  the  wind ;  B  B  exhihit  the  vanes  as  close  redbd,  or  the  valTes  with  their 
isdges  to  the  wind,  so  that  it  can  luKfe  no  effect  upon  them  except  on  their 
yedges,  which  must  be  trifling.  In  the  drawing,  the  Tanes  are  exhibited  a 
having  the  whip  down  the  middle,  with  valves  op  both  sides;  but  it  is 
£vident  that  the  vanes  ms^  be  constructed  with  the  whip  placed  in  the 
casual  way,  and  have  valves  on  one  side  only,  which  is  the  meUiod  lusnallf 
adonft  in  applying  them  to  vanes  of  the  present  form. 

'^ig.  143  represents  a  side  view  of  the  apparatus  for  r^;ulatiiig  the 
valves ;  and  fig.  144  is  a  section  of  the  same,  exhibiting  two  m^nods 
of  peiforming  this  operation.  A  rq>re8ents  the  shaft,  which  is  bored 
trough  its  centre  to  admit  an  iron  rod  B  to  pass  freely  through  it ;  one 
end  of  this  rod  is  made  to  turn  in  a  box  C,  whidi  is  listened  to  a  tooled 
rack  D,  whose  teeth  take  into  tluMe  of  a  pinion  E^  upon  the  axis  of  whidi  is 
a  sheave  F,  with  a  groove  on  its  circumference  to  receive  a  rope  G,  to 
which  is  hune  a  weight,  shown  at  H,  fig.  143.  and  which  must  be  sufficient 
to  rebate  ue  force  of  the  wind  upon  ^e  valves,  though  no  precise 
quantity  of  weight  can  be  herein  specmed,  as  the  same  must  be  adjusted 
)}y  experiment,  or  by  the  c^uantitv  of  work  to  be  performed  by  the  mill. 
On  the  top  of  the  rack  D  is  a  roller  I^  which  serves  to  keep  the  rack  and 
pinion  in  tiie  proper  depth  of  geer.  Ihe  end  of  the  rod  B,  whic^  turns  in 
the  box  C,  has  a  knob  or  oniop  on  it,  by  which  it  can  be  moved  endwise 
while  it  is  turning  in  the  box  C.  In  the  other  end  of  the  rod  is  fixed  a  boa 
or  plate  of  iron  K,  with  a  gudgeon  projecting  from  each  side,  on  which  ire 
the  bridles  or  loMlers  LL,  which  permit  the  levers  MM  to  describe  a 
curve  with  their  ends  while  the  iron  rod  B  moves  in  a  straight  line.  NN 
are  two  studs  or  props  fixed  to  the  stodL  O  of  the  sail ;  on  the  ends  of 
which  prop  the  levers  M  M  move,  and  communicate  their  motion  to  the 
racks  P  P,  the  teeth  of  which  take  into  the  pinions  Q  Q,  on  the  axis  of 
which,  (according  to  one  method  herein  exhu>ited,  fig.  145,)  is  fixed  a 
strong  iron  stud  R,  whidi  is  attached  to  a  ra^ck  or  slider  S.  Iron  studs  or 
levers  are  fixed  at  one  end  in  this  slider  S  by  a  pin  or  gudgeon,  and  at  the 
other  made  fiist  to  th^  v^ves  a,  whidi  move  on  gudgeons  as  befoie 
described. 

^'  The  other  method  of  regulating  the  valves  is  shown  ^ 
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tg.  146,  nrliere,  instead  of  tlie  etads  or  levers^  the  vsdves  maT 
be  moved  by  haring  pinxoni  fixed  to  them^  and  workiDg  with 
teeth  m  a  rack  or  slider,  as  at  T.  V  V  are  rollers  to  keep 
the  racks  P  in  their  geer.  llie  operation  of  this  apparatus 
will  be  deaily  comprehended  by  unagixnng  that  if  the  hook 
4,  on  the  rope  G,  be  mdled  down  to  b,  the  sheave  F  with  the 
mnion  £  will  torn  at  the  same  time^  putting  in  motion  the  rack 
D  with  the  rod  B,  which  will  bring  the  kvers  M  M  into  the 
podtk)n  represented  by  the  dotted  lines :  the  racks  P  wiU 
have  turned  the  pimmis  Q  (ill  the  sliders  S  and  T,  with  the 
studs  or  levers,  or  racks^  (according  to  whichever  method 
may  be  used,)  bring  the  valves  into  the  position  of  the 
doUed  hnes,  in  which  position  they  are  represented  as  having 
all  their  sui&ces  to  the  wind;  therefore,  it  a  sufficient  ^weight 
be  hung  to  the  hook  4,  the  weight  will  descend  to  5,  and 
keep  ths  valves  in  the  situation  of  the  dotted  lines;  and 
Buppofdng  the  wind  to  blow  upon  them  .with  too  much  force 
in  Uus  state,  they  will  turn  on  their  gudgeons,  and  raise  the 
weights,  so  that  the  superfluous  wind  wiU  pass  through  or 
between  them,  without  exerting  an  irregular  force  upon  the 
vanes^  so  as  to  produce  an  unequal  velocity/' 

MILL  WITH   EIGHT  QUADRANGULAR   SAIU. 

This  miU^  which  is  the  invention  of  Mr.  James  Verrier,  is 
represented  in  fig.  147. 

AAA  are  the  three  principal  posts,  27  feet  7}  inches  long,  22  inches 
broad  at  their  lower  extremities,  18  inches  at  their  upper,  and  17  inches 
tiiick.  The  column  B  is  12  feet  2i  inches  long,  19  inches  in  diameter 
at  its  lower  extremity,  and  16  inches  at  its  upper:  it  is  fixed  in  the 
ceDtre  of  the  miU,  passes  through  the  first  &oor  E,  having  its  upper 
extremity  secured  by  the  bars  GG,  £££  are  the  ffirders  of  the  &st 
floor,  one  of  which  only  is  seen,  being  ei^ht  feet  three  inches  long,  11  inches 
bfoed,  and  nine  thick ;  they  are  mortised  into  the  posts  AAA  and  the  column 
B,  and  are  about  eight  feet  three  inches  distance  from  the  ground  floor.  D  D.D 
are  three  poets,  six  feet  four  inches  long,  nine  inches  broad,  and  six  inches 
thick :  they  are  mortised  into  the  girders  £  F  of  the  first  and  second  floor, 
at  the  distance  of  two  feet  four  inches  from  the  posts  A,  &c.  F  F  F  are  the 
giideis  of  the  second  floor,  six  feet  long,  11  inches  broad,  and  nine  thick: 
they  are  mortised  into  the  posts  A,  &c.,  and  rest  upon  the  upper  extremities 
of  the  posts  D,  Sec.  The  three  bars  G  G  G  are  3  feet  1§  inches  long, 
sercn  indies  broad,  and  three  thick :  they  are  mortised  into  the  posts  D  aiul 
the  upper  end  of  the  column  B,  four  feet  three  inches  above  the  floor.  P 
is  one  (^  ^16  beams  which  support  the  extremities  of  the  bray-trees  or 
brayers;  its  lensth  is  two  feet  four  inches,  its  breadth  eight  inches^  and  its 
thirWw  iix  in^es.  I  is  one  of  the  br^-trees  into  whidi  the  extremity  of 
one  of  the  bridge-trees  K  is  mortised.  Each  bray-tree  is  4  feet  9}  inches 
hog,  9f  inches  broad,  and  seven  thick,  and  each  bridge-tree  is  four  feet 
six  inches  long,  nine  inches  broad,  and  seven  thick;  being  furnished 
^rith  a  piece  of  brass  on  its  upper  surface  to  receive  the  under  pivot  of  the 
^iilLKffpff.     Lh  are  two  iron  screw-bolts,  which  raise  or  depress  the 
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•ztBemitier  of  the  bray-trees.  M  Bl  M  are  the  three  min^oDes,  and 
^  N  N  the  iron  spindles  or  arbors  on  which  the  taming  mill-stones  sze 
fixed.  D  is  one  of  three  'wheels  or  tnindles  which  are  fixed  on  the  upper 
ends  of  the  spindles  N  N  N :  they  are  16  inches  in  diameter,  and  each  is 
Aimished  with  14  staves;  /is  one  of  the  carriage^imib  on  which  the  upper 
pivot  of  the  spindle  turns,  and  is  four  feet  two  indies  long,  seven  inches 
oroad,  and  four  thidc.  It  turns  on  aik  iron  bolt  at  one  end,  and  the  other 
end  slides  in  a  bracket  fixed  to  one  of  the  joints,  and  forms  a  mortise  in 
which  a  wedge  is  driven  to  set  the  rail  and  trundle  in  or  out  of  work : 
t  is  the  horizontal  spvi^wheel  that  impeb  the  trundles ;  it  is  five  feet  six 
indies  in  diameter,  is  fixed  to  the  perpendicular  shaft  T,  and  is  furnished 
with  42  teeth.    The  perpendiottiAr  shaft  T  is  nine  feet  one  inch  long,  and 

14  indies  in  diameter,  having  an  irqn  spindle  at  each  of  its  extremities;  the 
under  spindle  turns  in  a  ^brass  block  fixiM  into  the  higher  pnd  of  the 
column  B ;  and  the  upper  spindle  moves  in  a  brass  plate  inserted  into  the 
lower  suifi^  of  the  carriage-radl  C.  The  spiii^wheel  r  is  fixed  on  the 
upper  end  of  the  shaft  T,  and  is  turaed  by  ^e  crewn-wheel  o  on  the 
wind  shaft  e;  it  is  three  feet  two  inches  iu  diameter, 'and  is  furnished  with 

15  cogs.  The  carriage-rail  C,  which  is  fixed  on  the  sliding  kerb  Z,  is 
17  feet  2  inches  long,  one  foot  broad,  and  nine  inches  thick.  Y  Y  Q  is  the 
fixed  kerb,  17  feet  3  indies  diameter,  14  inches  broad,  and  10  thick,  and 
as  mortised  into  ^  posts  AAA,  and  fastened  with  screw-bolu.  The 
sliding  kerb  Z  is  of  the  same  diameter  and  breadth  as  the  fixed  kerb,  but  its 
thickness  is  only  7§  inches;  it  revolves  on  12  friction  rollers  fixed  on  the 
upper  sur£ice  of  the  kerb  Y  Y  Q,  and  has  four  iron  half-staples,  Y,  Y,  &c, 
fastened  on  its  outer  edge,  vdiose  perpendicular  arms  are  10  inches  long, 
two  inches  broad,  and  one  inch  thick^  and  embrace  the  outer  edge  of  the 
fixed  kerb,  to  prevent  the  sliding  one  from  beine  blown  ofi*.  The  capsills 
XV  are  13  feet  9  inches  long,  14  inches  broad,  and  1  foot  thick :  tbej 
are  fixed  at  each  end  with  strong  iron  screw  bolts  to  the  sliding  kerb, 
and  to  the  carriage-rail  C.  On  the  right  hand  of  ii^  ,is  seen  ^e  extremity  of 
a  crossrrail,  which  is  fixed  into  the!  capsills  XV  by  stroi^  iron  bolts;  Hf.a 
bracket  5  feet  long,  16  inches  broai),,  and  ^ inches  tfaick^;  it  trbu^^iedwith 
a  strong  brass  collar,  in  which  the  inferijor  spindle  of  th|B  windshaft  turns, 
and  is  fixed  to  the  cross-iail  to;  bi$  ai^othef  bracket,  a^en  feet  long,  fosr 
feet  broad,  and  10  inoiies  thick;  it  U  fiiied  into^tlie  fore  aids  of  the  capsills, 
and  ii)  order  to  embrace  the  Collar  of  die  windshaft,  it  ]s  divided  into  two 
parts,  which  are  fixed  together  with  scrc^-bolts.  llie  wiiidshaft  c  is  15  feet 
(ong,  two  feet  in  diamettr  atjthe  fore  end,  and  18  ikichies  at  the  other;  its 
pivot  at  the  back  end  is  six  inches  diaitoeter^;  and  the  shaft  is  perforated, 
to  admit  an  iron  rod  to  pass  ea|ily  tl^roUghit.  "The  vertical  crown-wheel  v 
is  six  feet  in  diameter,  ana  is  fiimisned  with  W  cogs,  whjich  drive  the  ^pur- 
wheel  r ;  tlie  b<^l5ter  d^  whidi  15  six  ftct  three  inches  lonfi;,  13  inches  broad, 
and  ha^f  a  foot  Ihick,  is  fastened  iiitt>  iho  crosS-rail  w,  directly  under  the 
centre  of  the  windsliafJ,  having  a  brfts*  pulley  fixed  at  its  fore  ena.  On  the 
upper  ^urfape  cf  this  boktcr  la  a  gTocjTe  in  which  the  gliding  bolt  R  moves, 
having  a  brass  And  ni  its  fort?  cud*  Tliis  sliding  bolt  Jsjnot  distinctly  seen 
in  the  figure,  but  the  mund  ti>p  i^f  tl;e  brass  -stm}  ^  visible  bekrwthe 
letter  h  ;  the  iron  fdi  that  passes  t!hrpi»h  the  windshaft  beai-s,  against  this 
brass  stud.  The  slidipg  bolt  is  four  feet  jiine  fnches  long,  nine  inches 
broad,  ^hd  one-third  of  a  foot  thick.  At  its  fore  en^  is  fixed  a  line  which 
passes  over  the  brass  pulley  in  the  Ibolster,  and  appears  jat  a  with  a  weight 
attached  to  its  extremity,  su^cieqi  to  make  the  8a1l3  iace  the  wind  that  is 
strong  enough  fqrthe  number  of  stones  employed;  and  when  the  pressure 
of  the  wind  is  more  than  sufficient,  the  sails  turn  on  an  e(ige  and  press  back 
the  sliding  boh,  whidi  prevents  tliem  firom  moving  n^ith  ioo  i^eat  vielodty  * 
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»id  mt  wooa  as  the  wind  abates,  the  sails,  by  the  weight  a,  are  pressed  up 
to  the  wind  till  its  force  is  sufficient  to  give  the  mill  a  proper  degree  of 
velocity.  By  this  apparatus  the  wind  is  regulated  and  justly  proportioned 
to  the  resistance,  or  vroxk  to  be  performed;  an  uniformity  of  motion  is  also 
obtained,  and  the  mill  is  less  liable  to  be  destroyed  by  the  rapidity  of  its 


Thax  the  reader  may  understand  how  these  effects  are  produced,  we  have 
refwesented  in  fis.  148,  the  iron  rod,  and  the  arms  which  bear  against  the 
▼aoes;  a  A  is  the  iron  rod  which  passes  through  the  vrindshaft  c,  in  fig.  147 ; 
A  l:  die  extremity  which  dootcs  in  the  brass  stud  that  is  fixed  upon  the 
siidiDg  boh;  ai,  ai^  fcc.,  are  the  cross-arms  at  right  angles  to  c  A,  whose 
dtjcmities  t,  i,  similarly  mariced  in  fig.  147,  b^r  upon  the  edges  of  the 
▼anes.  The  arms  a  t  are  6}  feet  long,  reckoning  fix)m  tne  centre  a,  one  foot 
broad  at  the  centre,  and  five  inches  thick ;  the  arms  n,  n,  &c,  that  carry  the 
vines  or  sails,  are  18i  feet  long,  their  greatest  breadth  is  one  foot,  and  their 
thickne»  nine  indies,  gradually  diminishing  to  their  extremities,  where  theV 
aie  three  inches  in  diameter  The  four  cardinal  sails,  ift,M,  iii,m,  are  each 
13  feet  kmg,  eif^t  feet  broad  at  their  outer  end,  and  three  feet  at  their  lower 
cxtiemities;  p,  p,  &C.,  are  the  four  assistant  sails  which  have  the  same 
dimensions  as  the  cardinal  ones,  to  which  thev  are  joined  by  the  line  S  S  S  S. 
The  angle  of  the  sail's  inclination  when  nrst  opposed  to  the  wind  is 
45  decrees,  and  regularly  the  same  from  end  to  end. 

It  IS  evident  from  the  preceding  description  of  this  machine,  that  the 
windshaft  c  moves  along  with  the  sails ;  the  vertical  crown-wheel  v  impels 
the  spir-wheel  r,  txed  upon  the  axis  T,  which  carries  also  the  spur-wheel 
t  This  wheel  drives  the  three  trundles  H,  one  of  which  only  is  seen  in 
dtt  figure,  which  being  fixed  upon  the  spindles  N,  &c.  communicate  motion 
lo  the  turning  mill-stones. 

That  the  wind  may  act  with  the  greatest  efficacy  upon  the 
sails^  the  windshafk  or  principal  axis  must  always  have  the 
nme  direction  as  the  wind.  But  as  this  direction  is  per- 
petoally  changing,  some  apparatus  is  necessaiy  for  bringing 
the  windshait  and  sails  into  thdr  proper  position.  As  bo£ 
the  common  methods  of  adjusting  the  windshaft  require 
human  assistance,  it  would  be  very  desirable  that  the  same 
eOect  should  be  produced  solely  by  the  action  of  the  wind. 
This  may  be  done  by  fixing  a  large  wooden  vane  or  weather- 
cock at  the  extremity  of  a  long  horizontal  arm  which  lies  in 
the  same  vertical  plane  with  the  windshaft.  By  this  means^ 
when  the  smrfiice  of  the  vane  and  its  dbtance  from  the  centre 
of  motion  are  sufficiently  great,  a  very  gentle  breeze  will 
exert  a  sufficient  force  upon  the  vane  to  turn  the  machinery, 
and  will  always  brine  the  sails  and  windshaft  to  their  proper 
pontion.  This  weathercock,  it  is  evident,  may  be  applied 
dtber  to  machines  which  have  a  movable  roof,  or  to  diose 
wfaidi  revolve  upon  a  vertical  arbor.  Prior  to  the  French 
revolution,  windmills  were  more  numerous  in  Holland  and 
the  Netherlandis  than  in  any  other  part  of  the  world,  and 
there  they  seem  to  have  been  brought  to  a  very  high  state  of 
perfection.    This  is  evident  not  only  from  the  experiments 
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of  Mr.  Smeaton,  from  which  it  appears  that  sails  wealhered 
in  the  Dutch  manner  produced  neanv  a  maximum  eSect,  but 
also  from  the  observations  of  the  celebrated  Coulomb.    This 

Ehilosopher  examined  above  50  windmills  in  the  neighbour- 
ood  ol  Lisle,  and  found  that  each  of  them  performed  nearly 
thr  same  quantity  of  work  when  the  wind  moved  with  the 
velocity  of  18  or  20  feet  per  second,  though  there  were  some 
trifling  differences  in  the  inclination  of  their  windshafts,  and 
in  the  disposition  of  their  sails*  From  this  bctj  Coulomb 
justly  concluded  that  the  parts  of  the  machine  must  have 
been  so  disposed  as  to  produce  nearly  a  maximum  effect. 

In  the  windmills  on  which  Coulomb's  experiments  were 
made,  the  distance  from  the  extremity  of  each  sail  to  the 
centre  of  the  windshaft  or  principal  axis  was  33  feet.  The 
sails  were  rectangular,  and  their  width  was  a  little  more  than 
six  feet,  five  of  which  were  formed  with  cloth  stretched  upon 
a  frame,  and  the  remaining  foot  consisted  of  a  very  light  board. 
The  line  which  joined  the  board  and  the  doth  formed,  on  the 
mde  which  faced  the  wind,  an  angle  smsiblv  concave  at  the 
commencement  of  the  sail,  which  diminished  gradually  till  it 
vanished  at  its  extremity.  Though  the  surfece  of  the  doth  xm 
curved,  it  may  be  regarded  as  composed  of  right  lines  perpendi- 
cular to  the  arm  or  whip  which  carries  the  frame,  the  extre- 
mities of  these  lines  ccnrresponding  with  the  concave  angle 
formed  by  the  junction  of  the  doth  and  the  board.  Upon  this 
supposition,  these  right  lines  at  the  commencement  of  thesail> 
which  was  distant  about  six  feet  from  the  centre  of  the 
windshaft,  formed  an  angle  of  60  degrees  with  the  axis  or 
windshaft,  and  the  lines  at  the  extremity  of  the  wing  formed 
an  angle  increasing  from  78  to  84  degrees,  according  as  the 
inclination  of  the  axis  of  rotation  to  the  horizon  increased 
from  8  to  15  degrees;  or  in  the  mill-wright's  terms,  the 
greatest  aoffle  of  weather  was  30  degrees,  and  the  least 
varied  from  12  to  6  dej^es,  as  the  inclination  of  the  windshaft 
varied  from  8  to  15  degrees.  A  pretty  •distinct  idea  of  the 
surface  oi  windmill  sails  may  be  conveyed  by  conceiving  a 
number  of  triangles  standing  perpendicular  to  the  horizon, 
in  which  the  angle  contained  between  the  hypothenuse  and 
the  base  is  constantiy  diminishing ;  the  hypothenuse  of  each 
triangle  will  then  be  in  the  supe^cies  of  tne  vane,  and  they 
would  form  that  superfides  if  their  number  were  infinite* 
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ON  HOEIZONTAL  WINDMILl^. 

A  VAEiETT  of  opinioDB  have  been  eotertiuned  respecting 
Ihe  rdtttive  adyantaget  of  horizontal  and  vertical  mndmilki. 
Mr.  Smeaton  gives  a  decided  preference  to  the  latter ;  but, 
when  he  asserts  that  horizontal  windmills  have  only  one-eighth 
or  one-tenth  of  the  power  of  vertical  ones,  he  certainly  forms 
too  loir  an  estimate  of  their  power.  Mr.  Beatson,  on  the 
contrary,  who  has  a  patent  lor  the  constroction  of  a  new 
horizontal  windmiD^  seems  to  be  prejudiced  in  their  favour. 
From  an  impartial  investigation,  it  will  probably  appear, 
that  tlie  tmth  lies  between  these  two  opposite  opinions;  but 
before  entering  on  this  discussion,  we  must  first  oonsidcr  the 
nature  and  form  of  horizontal  windmills  ;  which  we  shall  do 
in  presenting  the  reader  with  a  description  of  the  horizontal 
mitt  erected  at  Margate  by  Captdn  Hooper. 

T^,  149  is  an  upright  section^  and  fig.  150  a  plan  of  the  Imfldtog. 
H  H  are  the  side  walls  of  an  octagonal  building  wfaidi  contains  iSt 
maiUiiieiy.  These  walls  are  surmonnted  hy  a  strong  timber  framing 
C  G,  of  the  same  form  as  the  building,  and  connected  at  top  1^ 
cnts-ftaming  to  support  the  roof,  and  also  the  upper  pivot  of  the  main 
veitical  shafi  A  A,  which  has  thiee  sets  of  arms,  B  B,  C  C»  D  D,  framed 
iq»n  it  at  diat  part  which  rises  abore  ihe  height  of  the  walls.  Ttit  arms 
are  strenglliened  and  supported  by  diagonal  braces^  and  their  extremities 
ate  bolted  to  octagonal  wood  frames,  round  whidi  Uie  Tanes or  floats  BE 
aie  iaudf  as  seen  m  outline  in  fis.  150.  so  as  to  form  a  large  wheel,  resem- 
Uing  m  water-wheel,  which  is  leas  than  the  size  of  the  house  by  about 
18  inches  all  round  This  space  is  occupied  by  a  number  of  vertical 
boards  or  blinds  F  F,  turning  on  pivots  at  top  and  bottom,  and  placed 
ebfiqody,  so  as  to  overlap  each  other,  and  completdyriiut  out  the  wind,  and 
slop  die  mOl,  by  forming  a  close  case  surrounding  the  wheel ;  but  thejr  can 
be  moved  altogether  upon  their  pivots  to  allow  the  wind  to  blow  m  ^ 
dJiectioQ  of  a  tangent  upon  the  vanes  on  one  side  of  the  wheel,  at  ihe  time 
the  other  side  is  completely  shaded  or  defended  by  die  bonding.  Th% 
pontion  of  the  blinds  is  clearly  shown  at  F  F,  fij^.  150.  At  the  lower  end 
«f  the  vertical  shaft  A  A,  a  lai^  spur-wheel  a  a  is  fixed,  whidi  gives  motion 
to  a  pinion  c^  upon  a  small  vertiod  axis  d,  vrhose  upper  pivot  turns  in  a 
bcanof  bolted  to  a  ^rdei  of  the  floor  n.  Above  the  pinion  e^  a  spur- 
whcd  « is  placed,  to  ffive  motion  to  two  small  pinions jT,  on  the  upper  ends 
of  the  spmdles  ^,  of  the  mill-stone  h.  Another  pinion  is  situate  at  die 
side  of  die  great  spur-wheel  a  a,  to  give  motion  to  a  third  pair  of 
cs,  which  are  used  when  the  wind  is  very  strong;  and  then  the 
turns  so  quick  as  not  to  need  the  extra  wheel  e  to  give  the  requisite 
vdodty  to  the  stones.  The  weight  of  the  main  vertical  shaft  is  borne  by  a 
Btroog  timber  ft,  having  a  brass  box  placed  on  it  to  receive  the  lower  pivot  of 
te  Mit  It  is  supported  at  its  ends  by  cross-beams  mortised  into  the  upright 
poets  h  It,  as  shown  in  the  plan,  fig.  150.  A  floor  or  roof  II  is  thrown  across 
Ae  top  of  die  brick-bnildinff  to  protect  the  machinery  from  the  weather,  and 
to jpfeveot  the  rain  blowing  dpwn  the  opening  through  whidi  the  diaft  descends, 
a  nniad  dicnlar  hoop  K  is  fixed  to  the  floor,  and  is  surrounded  by 
or  CMS  I^  which  is  axed  to  the  arms  DD  of  the  vrheel.    This! 
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size,  as  exactly  to  go  over  the  hoop  K,  without  touching  it  when  the  wheel 
turns  round.  By  this  means,  the  rain  is  oompletely  excluded  from  the 
upper  room  M,  which  serres  as  a  granary,  being  fitted  up  with  the  bins 
m  m,  to  contain  the  different  sorts  of  grain  which  is  raised  up  by  the  sack- 
tackle.  A  wheel  I  is  fixed  on  the  main  shaft,  haWng  cogs  projecting  fiom 
both  sides.  Those  at  the  under  side  work  into  a  pinion  on  the  end  of  the 
roller  K,  which  is  for  the  purpose  of  drawing  up  sacks.  Another  pinion  is 
situated  above  the  wheel  t,  which  has  a  roller  projecting  out  over  the  flap- 
doors  seen  at  p,  in  fig.  150,  to  land  the  sacks  upon.  The  two  pinions  m  s^ 
fig.  150,  we  turned  by  the  great  wheel  an,  and  are  for  giving  motion  to  the 
dressing  and  bolting  machines,  which  are  placed  upon  the  floor  N,  but  are 
not  shown  in  the  dravnne,  being  exactly  similar  to  the  dressing  machines 
used  in  all  flour-mills.  Ine  cogs  upon  the  great  wheel  a  are  not  so  broad 
as  the  rim  itself,  leaving  a  plain  nm  about  three  indies  broad.  This  is 
encompassed  by  a  broad  iron  hoop,  which  is  made  fiut  at  one  end  to  the 
upright  post  bi  the  other  being  jointed  to  a  strong  lever  n,  to  the  extreme 
end  of  vniich  a  purchase  o  is  attached,  and  the  fall  is  made  fiist  to  iron  pins 
on  the  top  of  a  frame  fixed  to  the  groimd.  This  apparatus  answers  the 
purpose  of  the  brake  or  gripe  used  in  common  vnodmills  to  stop  tiieir 
motion.  By  pulling  the  rail  of  the  purchase  o,  it  causes  the  iron  strap  to 
embrace  the  great  wheel,  and  produces  a  resistance  sufficient  to  stop  the 
wheel.    The  mill  can  be  regulated  in  its  motion,  or  stopped  entirely,  by 

Xning  or  shutting  the  blinds  F,  which  surround  the  fan-wneel.  Thej  are 
moved  at  once  by  a  circular  ring  of  wood  situated  iust  beneath  the 
lower  ends  of  the  blinds  upon  the  floor  1 1,  being  connected  with  each  blind 
by  a  short  iron  link.  The  ring  is  moved  round  by  a  rack  and  spindle  whidi 
descend  into  the  mill-room  below,  for  the  convenience  of  the  miller. 

The  mode  of  bringing  the  sails  Isack  against  the  wind,  whidi  Mr.  Bcatson 
invented,  is,  perhaps,  the  simplest  and  best  for  that  end.  He  makes  each 
sail  A  I,  fig.  151,  to  consist  of  six  or  eight  flaps  or  vanes,  A  P,  6 1,  6  1,  c3, 
&c.,  moving  upon  hinges  represented  by  the  dark  lines,  AP,  61,  c2,  &c., 
so  that  the  lower  side  bl  of  the  first  flap  wraps  over  the  hinge  or  higher 
side  of  the  second  flap,  and  so  on.  When  the  vrind,  therefore,  acts  upon 
the  sail  A  I,  each  flap  will  press  upoi^  the  hinge  of  the  one  immediately 
below  it,  and  the  whole  surlace  of  the  sail  will  be  exposed  to  its  action. 
But  when  the  sail  A I  rettims  against  the  wind,  the  flaps  will  revolve  round 
upon  their  hinges,  and  present  only  their  edges  to  the  wind,  as  is  repre- 
sented at  £  G,  so  that  tne  resistance  occasioned  by  the  return  of  the  sail 
must  be  greatly  diminished,  and  the  motion  will  be  continued  by  the  great 
superiority  of  force  exerted  upon  the  sails  in  the  position  A  I.  In  com* 
puting  the  force  of  the  wind  upon  the  sail  A  I,  and  the  resistance  opposed 
to  it  by  the  edges  of  the  flaps  in  £  G,  Mr.  Beatson  finds,  that  when  the 

f)ressure  upon  the  former  is  1872  pounds,  the  resistance  opposed  by  the 
atter  is  only  about  36  pounds,  or  ^  part  of  the  whole  force ;  but  he 
neglects  the  action  of  the  wind  upon  the  arms,  C  A,  &c.,  and  the  frames 
wluch  carry  the  sails,  because  they  expose  the  same  surface  in  the  position 
A  I,  as  in  the  position  £  G.  This  omission,  however,  has  a  tendency  to 
mislead  us  in  tne  present  case,  as  we  shall  now  see;  for  we  ought  to 
compare  the  whole  force  exerted  upon  the  arms,  as  well  as  the  sail,  with 
the  whole  resistance  which  these  arms  and  the  edges  of  the  flaps  oppose  to 
the  motion  of  the  windmill.  By  inspecting  the  figure  it  will  appear,  that  if 
the  force  upon  the  edges  of  the  flaps,  wluch  Mr.  Beatson  suppo^^  to  be 
12  in  number,  amounts  to  36  pounds,  the  force  spent  upon  tne  bars  C  D, 
•  D  G,  G  F,  F  £,  &c.,  caimot  be  less  than  60  pounds.  Now,  since  these 
bars  are  acted  upon  with  an  eoual  force.  yrh«>^  «V.  sails  have  the  podtioa 
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A 1, 187S  -t-  60  »  1933  vdll  be  the  force  exerted  upon  the  sail  A I  and  its 
appeodages,  while  the  opposite  force  upon  the  bars  and  edges  of  the  flaf>s 
wben  returning  against  the  wind  will  be  36  -f-  60  »*  96  pounds,  which  is 
■fiHy  A  of  1932,  instead  of  ^1^  as  computed  by  Mr.  Beatson.  Hence  we 
■tj  see  the  advanUges  which  will  probably  arise  from  using  a  screen  for 
Ae  letuming  sail  instead  of  moyable  flaps,  as  it  will  preserve  not  only  the 
nils,  but  the  anns  and  the  frame  which  supports  it,  from  the  action  of  the 
wind.* 

Mr.  Brewster  makes  also  the  foUowing  remark  on  the 
comparative  power  of  horizontal  aiid  vertical  windmills.  It 
has  been  ah^dy  stated,  that  Mr.  Smeaton  rather  underrated 
the  former  while  he  maintained  that  they  have  only  one-eighth 
or  one-tenth  the  power  of  the  latf^r.  He  observes,  that  when 
the  vanes  of  a  horizontal  and  a  vertical  mill  are  of  the  same 
Amensions,  the  power  of  the  latter  is  four  times  that  of  the 
braier ;  because,  in  the  first  case,  only  one  sail  is  acted  upon 
at  once;  while,  in  the  second  case,  all  the  four  receive  the 
impulse  of  the  wind.  This,  however,  is  not  strictly  true, 
since  the  vertical  sails  are  all  oblique  to  the  direction  of  the 
wind.  Let  us  suppose  that  the  area  of  each  sail  is  100  square 
feet;  then  the  power  of  the  horizontal  sail  may  be  called 
100  X  sin.*  7(f  (which  is  the  common  angle  of  inclination) 
=  8B  nearly;  but  since  there  are  four  vertical  sails,  the 
power  of  them  all  will  be  4  x  88  ^  362 :  so  that  the  power 
of  the  horizontal  sail  is  to  that  of  the  four  vertical  ones  as 
I  to  3.52,  and  not  as  1  to  ^  according  to  Mr.  Smeaton. 
But  Mr.  Smeaton  also  observes,  that  if  we  consider  the 
farther  disadvantages  which  arises  from  the  difficulty  of 
getting  the  sails  back  against  the  wind,  we  need  not  wonder 
if  horizontal  windmills  have  only  about  i  or  iV  of  the  com- 
mon wri.  We  have  already  seen  that  the  resistance  occa- 
sioned by  the  return  of  the  sails  amounts  to  tit  of  the 
whole  force  which  they  received;  by  subtracting  -.v  there- 
fore, from  tW,  we  shall  find  that  the  power  of  horizontal 
windmills  is  only  4;^,  or  little  more  than  one-fourth  less 
than  that  of  vertical  ones.  This  calculation  proceeds  upon  a 
supposition  that  the  whole  force  exerted  upon  vertical  sails 
is  employed  in  turning  them  round  the  axis  of  motion; 
whereas  a  considerable  part  of  this  force  is  lost  in  pressing 
the  pivot  of  the  axis  or  windshaft  against  its  gudgeon. 
Mr.  Smeaton  has  overlooked  this  circumstance,  othenvise  he 
could  never  have  maintained  that  the  power  of  four  vertical 

*  The  nilfl  of  borixontal  windmills  are  ■ometimes  fixed  like  float^boards  on 
the  drccaiiemioe  of  a  large  drum  or  cylinder.  These  sails  more  upon  hinge» 
10  as  to  stand  at  rif  ht  angles  to  the  drum,  when  they  are  to  receive  the  impulse 
of  the  wind ;  and  when  they  retom  against  it,  they  fold  down  upon  its  circunw 
femce. 
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$ail8  was  qnadraple  the  power  of  one  horizontal  saS,  the 
dimenaions  of  each  being  the  same.  Taking  this  drcmn- 
slanee  into  the  accoimt,  we  cannot  be  £eu:  wrong  in  sa^ng 
that,  in  theory  at  least,  if  not  in  practiee,  the  power  of  a 
horizontal  windmill  is  about  one-third  or  one-fourth  of  the 
power  of  a  vertical  one,  when  the  quantity  of  surfiEure  and  the 
form  of  the  sailfl  are  the  same,  and  when  all  the  parts  of  the 
horizontal  sails  have  the  same  distance  from  Uie  axis  of 
motion  as  the  corresponding  parts  of  the  vertical  sails.  Bat 
if  the  horizontal  sails  have  the  position  A  I,  £  G,  in  fig.  151, 
instead  of  the  position  C A  dm,  CD  on,  their  effect  will  be 
greatly  increased,  though  the  quantity  of  sur&ce  is  the  same; 
because  the  part  CP3m  beings  transferred  to  BI3(f,  has 
much  more  power  to  turn  the  sails.  Having  this  method, 
therefore,  of  increasing  the  effect  of  horizontal  sails,  which 
cannot  be  applied  to  vertical  ones,  we  would  encourage  every 
attempt  to  improve  their  construction,  as  not  only  laudable 
in  itself,  but  calculated  to  be  of  essential  utility  in  a  com- 
mercial country. — See  Dn  Brewster's  valuable  Appendix  to 
Ferguson's  Lectures^ 


FLOUa-MILLS. 

In  fig.  152  we  have  given  a  section  of  a  double  flour-mill, 
reduced  from  Gray's  Experienced  Mill-wright,  with  the  follow- 
ing account:. 

A  A,  the  water-wheel.  B  B,  its  shaft  or  axle.  C  C,  a  wheel  fixed  apod 
the  same  shaft,  containing  90  teeth  or  cogs,  to  drive  the  pinion  No.  1, 
having  23  teeth,  which  is  fastened  upon  Uie  vertical  shaft  D.  No.  S,  t 
wheel  fixed  upon  the  shaft  D,.  containing  82  teeth,  to  turn  the  two  pinions 
FF,  havinff  15  teeth,  which  are  fastened  upon  the  iron  axles  or  spindles 
that  carry  £e  two  upper  mill-stones.  £  £,  tne  beam  or  sill  that  supports 
the  frame  on  which  the  under  mill-stones  are  laid.  G  G,  the  cases  or 
boxes  that  enclose  tlie  upper  mill-stones ;  they  should  be  about  two  inches 
distant  from  the  stone  all  round  its  circumference.  T  T,  the  bearers,  called 
bridges,  upon  which  the  under  end  of  the  iron  spindles  turn.  These 
spindles  pass  upwards  through  a  hole  in  the  middle  of  the  nether  mill-stones, 
iu  which  is  fixed  a  wooden  bush  that  their  upper  ends  turn  in.  The  top 
part  of  the  spindles,  above  each  wooden  bush,  is  made  sqxiare,  and  goes 
into  a  square  hole  in  an  iron  cross,  which  is  admitted  into  grooves  in  the 
middle  and  under  surface  of  the  upper  mill-stone.  By  this  means  that  stone 
is  carried  round  along  with  the  trundles  F  F,  when  turned  by  the  vrbeel 
No.  2.  One  end  of  the  bridges  TT  is  put  into  mortises  in  fixed  bearers; 
and  the  other  end  into  mortises  in  the  bearers  that  move  at  one  end  on  iron 
bolts,  their  other  ends  hanging  by  iron  rods  having  screwed  nuts,  as  UU; 
so  that  when  turned  forward  or  backward  they  raise  or  depress  the  upper 
mill-stones,  according  as  the  miller  finds  it  necessary.  S  i,  the  feeders,  in 
tiie  under  end  of  each  of  which  is  a  square  socket  that  goes  upon  the  square  of 
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tte  qibdles  above  the  iron  cross  or  rind,  and  having  three  or  (bur  branches 
that  more  the  spout  or  shoe,  and  feed  the  vrheat  constantly  from  the 
koppen  into  the  bole  or  eye  of  the  upper  mill-stone,  where  it  is  introduced 
betwixt  the  stones,  and  by  the  circular  motion  of  the  upper  stone  acquires 
t  ceDtrifugai  force,  and  proceeding  gradually  from  the  eve  of  the  mill* 
stone  toiruds  the  cironnaerenoey  is  at  length  thrown  out  m  flour  or  meal. 
Hfi,  the  duice,  machine,  and  handle,  to  raise  the  sluice,  and  let  the  water 
OB  the  wheel  A  to  drive  irround.  No.  3  is  a  wheel  fixed  upon  the  shaft  D, 
eontaioiog  44  teeth,  to  turn  the  pinion  No.  4,  having  15  teeth,  which  is 
fartened  upon  the  horizontal  axle  H.  On  this  axle  is  also  fixed  the 
btrrel  K,  on  which  go  the  two  leather  belts  that  turn  the  wire  engine  and 
bolting  mill.  L,  an  iron  spindle,  in  the  under  end  of  which  is  a  square 
socket  that  takes  in  a  square  on  the  top  of  the  gudgeon  of  the  vertical  shaft 
D.  There  is  a  pinion  M,  of  nine  teeth,  fixed  on  the  upper  end  of  the 
spbdle  L,  to  turn  die  wheel  M  M,  having  48  teeth,  which  is  fiistened 
opoQ  the  axle  round  which  the  rope  Z  Z  rolls,  to  carry  ihe  sacks  of  floor  up 
to  the  cooling  benches.  By  pulliug  the  eord  O  O  a  little,  the  wheel  M  M 
•od  its  axle  are  put  into  motion,  in  consequence  of  that  wheel  and  its  axle 
being  moved  horizontally,  until  the  teeth  of  the  wheel  are  brought  into 
contact  with  those  of  tl^  pihion  at  the  top  of  the  spindle  L:  and,  on  the 
coDtmy,  by  pulling  the  cord  P  P,  the  wheel  M  ana  its  axle  are  moved  in 
(he  opposite  horizontal  direction,  till  thev  are  thrown  out  of  geer  with  the 

CD,  and  the  rotaloiy  motion  of  that  wneel  stops.  But  when  the  sack  of 
is  raised  up  to  the  lever  Q,  it  pushes  up  that  end  of  the  lever,  and  of 
•owse  the  other  end  down ;  by  which  means  the  .pinion  M  is  disengaged, 
and  dkus  that-  part  of  the  machine  stops  of  itself.  N  N  are  two  larffe 
boppers,  into  wnich  the  clean  wheat  is  put  to  be  conveyed  down  to  the 
bmen  SS,  placed  on  the  frame  immediately  above  the  mill-stones. 
W^W,  the  nde  wall  of  the  mill-house.  V,  the  couples  or  frame  of  the  roof. 
XX,  windows  to  lighten  the  house. 

Fig.  153  represents  the  surfiice  of  the  under  grinding  mill-stone;  the  way 
«f  laying  out  the  mads  or  channels ;  the  wooden  bu^  fiixedinto  the  hole 
■  its  middle,  in  winch  the  upper  end  of  the  iron  spindle  turns  round ;  and 
the  case  or  hoops  that  surround  the  upper  one,  whicn  ought  to  be  two  inches 
dear  of  the  stone  all  round  its  ciicuouerence. 

Fig.  154,  the  upper  grinding  mill-stone,  ^d  iron  cross  or  rind  in  its 
middte;  in  the  centre  of  which  is  a  square  hole  that  takes  in  a  square  on  the 
ten  of  the  iron  sfnndle,  to  carry  round  the  mill-stone.  When  the  woriiine 
Mcs  or  £ices  of  the  mill-stones  are  laid  uppermost,  the  roads  (or  channels) 
BUttt  lie  in  the  same  direction  in  both;  so  that  when  the  upper  stone  is 
turned  over,  and  its  surfece  laid  upon  the  under  one,  then  the  channels  may 
cross  each  other,  which  assists  in  grinding  and  throvring  oat  the  flour,  the 
diarp  edges  of  the  two  furrows  then  cutting  against  each  other  like  scissars. 
The  roads  are  likewise  laid  out  aceoiding  to  the  way  the  upper  stone 
revolves.  In  those  represented  in  the  figures,  the  running  miU-stone  is 
supposed  to  turn  ^  sunway,"  or  as  in  what  is  called  a  right-handed  mill : 
hot  if  the  stone  revolves  the  other  vray,  the  channels  must  be  cut  the  reve^'se 
of  this,  nd  then  the  mill  is  termed  a  left-handed  one. 

The  mill-stooes  are  of  the  utmost  importance  in  the  con- 
ftnxctioD  of  flour-nulls,  as  upon  them  ^riDcipally  depends  the 
qoafity  of  the  meel ;  we  cannot^  therefore,  do  better  than  to 
annex  Mr.  Ferguson's  opinion  upon  them,  as  also  some  sub- 
wqneirt  remarks  by  his  ^tor,  Dr.  Brewster. 
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MILL    SONS. 

Tu£  heavier  the  running  mill-stone  is^  and  the  greater  the 

Quantity  of  water  that  falls  upon  the  wheels  so  much  the 
kster  will  the  mill  bear  to  be  fea,  and  consequently,  so  much 
the  more  it  will  grind  :  and,  on  the  contrary,  the  lighter  the 
stone,  and  the  less  the  quantity  of  water,  so  much  slower 
must  the  feeding  be.  But  when  the  stone  ist  considerably 
wore,  and  become  light,  the  mill  must  be  fed  slowly  at  any 
rate ;  otherwise  the  stone  will  be  too  much  borne  up  by  the 
com  under  it,  which  will  make  the  meal  coarse. 

The  quantity  of  power  required  to  turn  a  heary  mill-stooe 
is  but  very  little  more  than  what  is  sufficient  to  turn  a  light 
one:  for  as  it  is  supported  upon  the  sphidle  by  the  bridge- 
tree,  and  the  end  of  the  spindle  that  turns  in  the  brass  foot 
therein  being  but  small,  the  odds  arising  from  the  weight  is 
but  very  inconsiderable  in  its  action  against  the  power  or 
force  of  the  water ;  and,  besides,  a  heavy  stone  has  tlie  same 
advantage  as  a  heavy  fly,  namely,  that  it  regulates  the  motion 
much  better  than  a  light  one. 

In  order  to  cut  and  grind  the  com,  both  the  upper  and 
under  mill-stones  have  channels  or  furrows  cut  into  them, 
proceeding  obliquely  from  the  centre  towards  the  circum- 
ference: and  these  fiirrows  are  cut  perpendicularly  on  one 
side,  and  obliquely  on  the  other,  into  the  stone,  which  gives 
each  furrow  a  sharp  edge,  and  in  the  two  stones  they  come, 
as  it  were,  against  one  another  like  the  edges  of  a  pair  of 
scissars,  and  so  cut  the  com,  to  make  it  grind  the  easier 
when  it  falls  upon  the  places  between  the  farrows.  These 
are  cut  the  same  way  in  both  stones  when  they  lie  upon  their 
backs,  which  makes  them  run  cross  ways  to  each  other  when 
the  upper  stone  is  inverted,  by  tuming  its  furrowed  sm&ce 
toward  that  of  the  lower.  For,  if  the  mrrows  of  both  stones 
lay  the  same  way,  a  great  deal  of  the  com  would  be  driven 
onward  in  the  lower  furrows,  and  so  come  out  from  between 
the  stones  without  being  either  cut  or  bruised. 

When  the  furrows  become  blunt  and  shallow  by  wearing, 
the  mnning  stone  must  be  taken  up,  and  both  stones  new 
dressed  with  a  chisel  and  hammer ;  and  every  time  the  stone 
is  taken  up,  there  must  be  some  tallow  put  round  the  spindle 
upon  the  bush,  which  will  soon  be  melted  by  the  heat  the 
spindle  acquires  from  its  tuming  and  rubbing  agwist  the 
bush,  and  so  will  get  in  between  them,  otherwise  the  bnsh 
would  take  fire  in  a  very  little  time. 

The  bush  must  embrace  the  spindle  quite  close,  to  prevent 
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my  ihake  in  the  motion,  which  would  make  some  parts  of 
the  stones  grate  and  fire  against  each  other^  while  other  parts 
of  them  would  be  too  &r  asunder^  and  by  that  means  spoil 
the  meal  in  grinding. 
I         Whenever  the  spindle  wears  the  bush  so  as  to  begin  to 
I      duke  in  it,  the  stone  must  be  taken  up,  and  a  chisel  droye 
I      into  sereral  parts  of  the  bush;  and  when  it  is  taken  out, 
wooden  wedges  must  be  driven  into  the  holes;  by  which 
I      means  the  bush  will  be  made  to  embrace  the  spindle  dose 
I      all  round  it  again.    In  doing  this,  great  care  must  be  taken 
to  drive  equiJ  wedges  into  the  bush  on  opposite  sides  of  the 
spindle,  oUi^wise  it  will  be  thrown  out  of  the  perpcndicidar, 
and  so  binder  the  upper  stone  from  being  set  parallel  to  the 
under  one,  which  is  absolutely  necessary  for  making  good 
wc^.     When  any  accident  of  this  kind  happens,  the  perpen- 
dicular-position of  the  spindle  must  be  restored  by  adjusting 
the  Imdge-tree  by  proper  wedges  put  between  it  and  the 
brajrer. 

It  often  happens  that  the  rind  is  a  little  wrenched  in 
laying  down  tne  upper  stone  upon>  it,  or  is  made  to  sink  a 
littte  lower  upon  one  side  of  the  spindle  than  upon  the  other ; 
aid  this  will  cause  one  edge  of  the  upper  stone  to  dtag  all 
nmnd  upon  the  other,  while  the  opposite  edge  will  not 
touch.  But  this  is  easily  set  to  rights,  by  raising  the  stone 
'  a  little  with  a  lever,  and  putting  bits  of  paper,  cards,  or  thin 
I      dnps,  between  the  rind  and  the  stone. 

The  diameter  of  the  upper  stone  is  generally  about  six 
feet,  the  lower  stone  about  an  inch  more;  and  the  upper 
stone,  when  new,  contains  about  22^  cubic  feet,  which 
I  weighs  somewhat  more  than  19,000  pounds.  A  stone  of 
this  diameter  ought  never  to  go  more  than  60  times  round 
in  a  minute,  for  if  it  turns  foster  it  will  heat  the  meal. 

The  grinding  surface  of  the  under  stone  is  a  little  convex 
from  the  edge  to  the  centre,  and  that  of  the  upper  stone  a 
little  more  concave:  so  that  they  are  forthest  from  one 
another  in  the  middle,  and  come  gradually  nearer  towards 
the  edges.  By  this  means,  the  com  at  its  first  entrance 
between  the  stones  is  only  bruised;  but  as  it  goes  farther  on 
towards  the  circumference  or  edge,  it  is  cut  smaller  and 
smaDer;  but  at  last  finely  ground  just  before  it  comes  out 
from  between  them.* 
I 

*  The  npper  mill-stone,  when  six  feet  in  diameter,  is  generally  hollowed 
abovt  one  inch  at  the  centre ;  and  the  under  one  rises  about  three-fourths 
vi  aa  iadi.  The  com  that  &lls  fh>m  the  hopper  insinuates  itself  between 
them  as  fitf  as  two-thirds  of  the  radius  where  the  grinding  begins ;  the 

L 


Digitized 


by  Google 


146  THB  OPERATIVR  MKCHANfC 

When  the  furrows  of  mill-stones  are  worn  shallow,  end 
consequently  new  cbressed  with  the  chisel,  the  same  qiuuitity 
of  stone  must  be  taken  from  every  part  of  the  grinding 
sur&ce,  that  it  may  have  the  same  convexity  or  concanty  as 
before.  As  the  upper  mill-stone  should  always  have  the 
same  weight  when  its  velocity  remains  unchanged,  it  will  be 
necessarv  to  add  to  it  as  much  weight  as  it  lost  in  the  dressing. 
This  will  be  most  conveniently  done  by  covering  its  top  with 
a  layer  of  plaster,  of  the  same  diameter  as  the  layer  or  stone 
taken  bom  its  grinding  surfoce,  and  as  much  thicker  than 
the  layer  of  stone,  as  the  specific  gravi^  of  the  stone  exceeds 
the  specific  gravity  of  the  plaster,  fhat  the  reader  may 
have  some  idea  of  the  manner  in  which  the  furrows,  or 
channels,  are  arranged,  we  have  represented,  fig.  154,  the 
grinding  sur&ce  of  the  upper  mill-stone,  upon  tJie  supposition 
that  it  moves  from  east  to  west,  or  for  what  is  called  a  right- 
lianded  mill.  When  the  mill-stone  moves  in  the  opposite 
direction,  the  position  of  the  furrows  must  be  reversed. 

In  fig.  156,  we  have  a  section  of  the  mill-stone,  spindle,  and  lantern. 
The  under  milt>stone  MPHG,  which  never  moves,  may  be  of  toy 
jthickness.  Its  grinding  8ur£»ce  must  be  of  a  conical  form,  the  point  b  being 
about  an  inch  above  the  horizontal  line  P  R,  and  M  a  and  P  b  being  straight 
lines.  The  upper  mill-stone  E  F  P  M,  which  is  fixed  to  the  spindle  C  D,  at 
C,  and  is  earned  round  with  it,  should  be  so  hollowed  that  the  aj^ 
O  M  a,  formed  by  the  grinding  sarfiaices,  may  be  of  such  a  size  that  0% 
being  taken  equal  to  n  M,  n  «  may  be  equal  to  the  thickness  of  a  grain  of 
com.  The  diameter  O  N  of  the  mill-eye  m  C,  should  be  between  8  and 
14  inches;  and  the  weight  of  the  upper  mill-stone  £P,  joined  to  the 
weight  of  the  spindle  CD,  and  the  trundle  x,  (the  sum  of  which  three 
numbers  is  called  the  equipage  of  the  turning  mill-stone,)  should  never  be 
less  than  1550  pounds  avoirdupois,  otherwise  the  resistance  of  itkt  grain 
would  bear  up  the  mill-stone,  and  the  meal  be  ground  too  coarse. 

In  order  to  find  the  weight  of  the  equipage ;  divide  the  third  of  the 
radius  of  the  gudgeon  by  the  radius  of  the  water-wheel  which  it  supports, 
and  havinff  taken  the  quotient  from  2,25  multiply  the  remainder  by  the 
expense  otthe  source,  by  the  relative  fall,  and  by  the  number  19,911,  and 
you  vrill  have  a  first  quantity,  which  mav  be  regarded  as  pounds.  Multiply 
the  square  root  of  the  relative  fall  by  the  weight  of  the  arbor  of  the  water- 
wheel,  by  the  radius  of  its  gudgeon,  and  by  the  number  1617,  and  a  second 
quantity  will  be  had,  which  will  also  represent  pounds.  Divide  the  third 
part  of  the  radius  of  the  gudgeon  by  the  radius  of  the  water-wheel,  and 
Having  augmented  the  quotient  by  unity,  multiply  the  sum  by  1005,  and  a 
third  quantity  vrill  be  obtained.  Subtract  the  second  quantity  fix>m  the 
first,  divide  the  remainder  by  the  third,  and  the  quotient  will  express  the 
number  of  pounds  in  the  equipage  of  the  mill-stone. 

The  weight  of  the  equipage  being  thus  found,  extract  its 

distance  between  the  stones  being  there  about  two-thirds  or  three-fourths 
of  the  thickness  of  a  grain  of  corn.  This  distance,  however,  can  be  altered 
at  pleasure,  by  raising  or  sinking  the  upper  stone.*— i>r.  Brewster. 


Digitized 


by  Google 


AND  MACHINIST.  147 

Mfure  root^  expressed  in  pounds,  and  multiply  it  oj  0S9, 
and  the  product  will  be  the  radius  of  the  mill-stone  in  feet. 

In  order  to  find  the  weight  and  thickness  of  the  upper  miB* 
itaDt,  the  following  rules  must  be  observed : 

1.  To  find  the  weight  of  a  quantity  of  stone  eqtial  to  the  mill-eye ; 
tale  any  aoantity  which  seems  most  proper  for  the  weight  of  the  spindle 
C  D,  and  the  lantern  X,  and  subtract  this  quantity  from  the  weight  of  the 
aiOHiioBe's  equipaffe,  for  a  first  quantity.  Find  the  area  of  the  milUeye, 
tad  multiply  it  by  the  weight  of  a  cubic  foot  of  stone  of  the  same  kind  as 
tW  miD-4tone,  and  a  second  quantiw  will  be  had.  Multiply  the  area  of 
the  mill-stone  by  the  weight  of  a  cubic  foot  of  the  same  stone,  for  a  tinvd 
(pantity.  Multiply  the  first  quantity  by  the  second,  and  divide  the  prMteiet 
hj  the  third,  and  the  quotient  will  be  tl^  weight  required. 

2.  To  find  the  nunaber  of  cubic  feet  in  the  turning  mill-stone,  supposing 
t  to  hare  no  eye ;  from  the  weight  of  the  spindle  uid  lantern  subtract  the 
mntity  found  l^  the  preceding  rule,  for  the  first  number.  Subtract  this 
Vft  number  from  the  weight  of  the  equipage,  and  a  second  number  will 
be  obtained..  Divide  this  second  quantity  by  the  weight  of  a  cubic  foot  of 
tfone  of  the  same  quality  as  the  mill-stone,  and  the  quotient  will  be  the 
number  of  cubic  feet  in  £  M  P  F,  m  C  being  supposed  to  be  filled  up. 

3.  To  find  the  quantities  m  N  and  £  M,  i.  e.  the  thickness  of  tne  mill- 
itoae  at  its  centre  and  circumference;  divide  the  solid  content  of  the 
■iB  itone,  as  found  by  the  preceding  rule,  by  its  area,  and  you  will  have 
tke  fint  quantity.  Add  6R,  whidi  is  generally  about  an  inch, 'to  twice 
fte  diameter  of  a  grain  of  com,  for  a  second  quantity.  Add  the  first 
qautitj  to  one-third  of  the  second,  and  the  sum  will  be  the  thickness  of  the 
mlluomm  at  the  drcumforence.  Subtract  the  third  of  the  second  quantity 
from  the  ficst  quantity,  and  the  remainder  will  be  its  thickness  at  the  centre. 

Tlie  msec  of  the  roiU-stone  being  thus  found,  its  velocity  is 
next  to  be  determined.  M.  Fabre  observes,  that  the  flour 
fa  tke  best  possible  when  a  mill-stone  five  feet  in  diameter 
mates  from  48  to  61  revolutions  in  a  minute.  Mr.  Ferguson 
akwB  CO  turns  to  a  mill-stone  six  feet  in  diameter;  and 
Mr.  Imison  120  to  a  mill-stone  4^  feet  in  diameter.  In 
nSh  upon  Mr.  Imison 's  construction,  the  great  heat  that 
must  be  generated  by  such  a  rapid  motion  of  the  mill-stone, 
aast  render  the  meal  of  a  very  inferior  quality:  much  time, 
on  tlie  contrary,  will  be  lost,  when  such  a  slow  motion  b 
employed  as  is  recommended  by  M.  Fabre  and  Mr.  Ferguson. 
In  the  best  corn-mills  in  this  countr}',  a  mill-stone  five  feet 
in  diameter  revolves,  at  an  average,  90  times  in  a  minute. 
The  number  of  revolutions  in  a  minute,  therefore,  which  must 
be  assigned  to  mill-stones  of  a  different  size,  may  be  found 
by  dividing  450  by  the  diameter  of  the  mill-stone  in  feet. 

The  spindle  e  D,  which  is  commonly  six  feet  long,  may  be  made  either 
of  iroa  or  wood.  When  it  is  of  iron,  and  the  weight  of  the  mill-stone 
7558  poonds  avoirdupois,  it  is  generally  three  inches  in  diameter;  and 
wiwn  made  of  wood,  it  is  10  or  11  inches  in  diameter.  For  mill-stones  of 
m  different  weight,  the  thickness  of  the  spindle  may  be  found  by  propoti 
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tioning  it  to  the  square  root  of  the  mill-stone's  weight,  or  whieh  is  nesrty 
the  same  thing,  to  the  weight  of  the  miU-stone*s  equipage. 

The  greateit  diameter  of  the  pivot  D,  upon  which  the  mill-stone  rests, 
should  be  proportional  to  the  square  root  ot  the  equipage,  a  pivot  half  an 
inch  diameter  being  able  to  support  an  equipage  of  5398  pounds.  In 
most  machines,  the  diameter  of  tlie  pivots  is  by  far  too  large,  being  capalle 
of  supporting  a  much  greater  height  than  they  are  obliged  to  bear.  1^2 
friction  is  therefore  increased,  and  the  performance  of  the  machine 
diminished. 

The  bridge-tree,  A  B,  is  generally  from  8  to  10  feet  long,  and  sbovild 
always  be  elastic,  that  it  may  yield  to  the  oscillatory  motion  of  the  mill- 
stone.  When  its  length  is  nine  feet,  and  the  weight  of  the  equipage  5182 
pounds,  it  should  be  six  inches  square;  and  when  the  length  remains 
unchanged,  and  tiie  equipage  varies,  the  thickness  of  the  bridge-tree  should 
be  proportional  to  the  square  root  of  the  equipage* 

Although  the  mechani&m  of  a  flour-mill  is  exceedingly 
simple^  the  profitable  manufacture  of  flour  requires  consider- 
able experience  and  attention.  We  shall  therefore  give  a 
sketch  of  the  points  most  particularly  to  be  attended  to  in 
such  manufacture. 

The  wheats  that  grow  in  £ssex  and  Kent  make  the  best 
flour.  In  choosing  the  wheat  much  attention  should  be  pud 
to  the  tliinness  ot  the  skin  and  to  its  cleanliness  from  weed. 
Good  wheat  may  be  known  by  its  weight,  whicli  should  be 
about  62  pounds  per  Winchester  bushel  of  32  quarts.  The 
wheat  to  be  manufactured  into  the  best  flotir  should  be' 
winnowed. 

The  miller  judges  of  the  quality  of  the  flour  by  feeling  it, 
and  accordingly  as  it  is  too  fine  or  too  coarse  regulates  the 
upper  mill-stone,  or  increases  or  decreases  the  supply  of 
grain.  The  flour  in  grinding  always  acquires  a  slight  warmth, 
and  care  must  be  taken  that  the  warmth  does  not  increase,  or 
the  flour  will  be  permanently  injured. 

The  dressing  of  the  flour  is  of  great  importance,  and  too 
much  attention  cannot  be  paid  to  it.  The  bran  should  be  in 
large  flakes  and  free  of  flour.  In  grinding  the  best  wheats, 
in  the  best  manner,  the  bran  will  amount  to  about  seven 
pounds  per  bushel. 

In  the  process  of  dressing,  the  bran  is  examined  as  a 
criterion  to  know  whether  too  much  flour  be  admitted  upon 
the  machine.  Care  should  be  taken  to  have  the  brush  screwed 
close  to  the  end  of  this  machine. 

French  stones  of  about  four  feet  in  diameter  are  expected 
to  grind  about  five  bushels  per  hour. 

Mr.  Thomas  Fenwick,  the  author  of  Four  Essays  on  Practical 
Mechanics,  has  made  numerous  experiments  on  some  of 
the  best  mills  for  grinding  com,  in  order  to  form,  by  practical 
observation,  a  set  of  tableis  illustrative  of  the  effect  of  a  given 
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quaDtity  of  water,  in  a  given  time,  applied  to  an  overshot- 
wbeel  o(  a  given  size. 

The  quantity  of  water  expended  on  the  wheel  was  measured 
with  great  exactness :  the  com  used  was  in  a  medium  state 
of  dryness;  the  mills,  in  all  their  parts,  were  in  a  medium 
working  state;  the  mill-stones,  making  from  90  to  100 
revolutions  per  minute,  were  from  4^  to  5  feet  in  diameter. 

The  result  of  the  experiments  was,  that  the  power  requisite 
to  raise  a  weight  of  300  pounds  avoirdupois,  with  a  velocity 
of  190  feet  per  minute,  would  grind  one  boll  of  good  rye  in 
one  hour ;  but  for  the  sake  of  making  the  following  tables 
hold  in  practice,  where  imperfection  of  construction  exists 
m  some  small  degree,  he  took  it  at  300  pounds  raised  with 
a  velocitv  of  210  feet  per  minute,  (being  -rVth  more,)  and 
for  grindmg  two,  three,  four,  or  five  bolls  per  hour,  requires 
a  power  equal  to  that  which  could  raise  300  pounds  with 
the  velocity  of  350,  506,  677 y  or  865  feet  per  minute  respec- 
tively. The  difference  of  the  power  requisite  to  grind  equal 
quantities  of  wheat  to  that  for  rye  will  be  very  trifling. 

To  enable  the  young  mechanist  to  understand  the  applica-^ 
tion  of  his  principles,  he  adds,  as  an  illustration,  that  that 
number  of  horses,  or  other  applied  power,  which,  by  means 
of  a  rope  (considered  as  without  weight)  passing  over  a 
single  pulley  placed  over  the  mouth  of  a  pit  or  well,  can 
raise  out  of  it  a  load  of  300  pounds  avoirdupois,  at  the  rate 
of  210  feet  per  minute,  will  be  sufficient  to  grind  one  boll  of 
com  per  hoar;  and  that  a  power  which,  in  similar  circum- 
stances, can  raise  the  same  weight  of  300  pounds  with  a 
velocity  of  350  feet  per  minute,  will  be  able  to  grind  two 
bolls  of  com  per  hour,  and  so  on. 

Having  made  some  experiments  to  ascertain  the  friction 
of  a  mill,  when  going  with  velocity  sufficient  to  grind  two 
bolls  of  com  per  hour,  he  relates  the  manner  in  which  he 
made  them,  that  the  reader  may  be  able  to  judge  of  the 
accuracy  of  his  deductions. 

The  niill  was  made  quite  clear  of  com,  and  the  upper 
mill-Btone  raised  so  that  it  would  touch  as  little  as  possible 
on  the  under  stone  in  its  revolutions ;  then  such  a  quantity 
of  water  was  admitted  to  flow  on  the  water-wheel,  as  to  give 
Uie  mill,  when  empty,  the  same  velocity  it  had  when  grinding 
com  at  the  rate  of  two  bolls  per  hour,  which  quantity  of 
water  was  sufficient  to  raise  a  load  of  300  pounds  with 
a  vekKrity  of  100  feet  per  minute,  which  was  therefore  con- 
sidered by  him  as  the  measure  of  the  friction.  Now  as  the 
power  requisite  to  grind  two  bolls  of  com  per  hour,  including 
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the  friction  of  the  mill^  ie  equal  to  that  which  can  nose 
a  weight  of  300  pounds  with  a  velocity  of  350  feet  per 
minute,  and  the  friction  of  the  moving  parte  of  the  null  is 
equal  to  a  power  which  would  raise  300  pounds  ^th  a 
velocity  of  100  feet  per  minute ;  therefore  the  d^erenee  of 
the  two,  which  is  300  pounds  raised  with  the  velocity  of 
250  feet  per  minute,  is  equal  to  the  power  employed  in  tiie 
actual  grinding  of  the  com,  which  is  about  two-tiiirds  of  the 
whole. 

The  power  equal  to  raise  a  weight  of  300  pounds  avoir- 
dupois, mth  a  velocity  of  390  feet  per  minute,  will  prepare 
properly  one  ton  of  old  rope  per  week,  for  the  purpose  of 
making  paper:  and,  for  preparing  in  like  manner,  two  tons 
of  the  same  kind  of  materials  per  week,  requires  a  power 
equal  to  raise  300  pounds  with  a  velocity  of  525  feet  per 
minute,  the  mill  working  from  10  to  12  hours  per  day. 


nbleSf  showing  the  quaftiiiy  of  water  fale  measure)  re- 
quisUe  to  grind  different  quantities  of  com,  from  one 
to  Jive  boUs  (Winchester  measure)  per  hour,  applied  on 
overshot  water-wheels  from  10  to  32  feet  diameter;  also 
tie  size  of  the  cvUnder  of  the  common  steam-engine  to 
do  the  same  work. 
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Tlie  water-wheel,  12  feet 

The  water-wheel,  14  feet 
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Bolls  of 

Qnanlity  of 

Diameter  of 

en 

the  cylinder  of 

com 

water  requi- 
site, io  ale 

the  cylinder  of 

grand 

ate,  io  ale 

»  steain-ei^:iiie 

gnmnd 

a  steam-engine 

J" 

«aU<»s.pcr 

to  do  the  same 

P" 

gallons,  per 

to  do  the  same 

hgv. 

Biinnte 

work,  in  inches. 

beuT. 

minute. 

work,  in  inches. 

1 

655 

12-6 

1 

564 

12-5 

u 

873 

14-6 

H 

740 

14-6 

2 

1091. 

16-75 

2 

927 

16-75 

2* 

1343 

18-5 

24 

1140 

18-5 

3 

1576 

20-a 

3 

1353 

20-2 

31 

1840 

21-75 

3* 

1583 

21-75 

4 

2117 

23-25 

4 

1811 

23-25 

4i 

2406 

24-75 

44 

2060 

24-75 

5 

2700 

26-25 

5 

2306 

26-25 

TTie  water-wheel,  13  feet 

The 

water-whe 

el,  15  feet 

.^ameter 

diamet 

er. 

iwu. 

Witer, 

galloBiper 

mmnu. 

Cylinder^  in 
incfaet. 

Bolb, 
hour. 

Water, 

galloDs  per 

minnte. 

Cylinder,  in 
inches. 

1 

606 

12-5 

1 

535 

12-5 

li 

806 

14-6 

u 

710 

14-6 

2 

1009 

16-75 

2 

894 

16-75 

2i 

1234 

18-5 

24 

1090 

18-5 

3 

1458 

20-2 

3 

1290 

20-2 

3* 

1705 

21-75 

34 

1508 

21-75 

4 

1952 

23-25 

4 

1717 

23*25 

44 

2223 

24-75 

44 

1967 

24-76 

& 

2494 

26-25 

5 

2211 

26-25 
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The  water-wheel,  16  feet 

The  water-wheel,  18  feet 

diameter. 

^ameter. 

[BolUo( 

Quantity  of 

Dimeter  of 

1 

BoUs  of 

Quantity  of 

Diameter  of 

corn 

water  requi- 
tile,  in  ale 

the  cylinder  of 

com 

water  requi- 
site, io  ale 

the  cylinder  of 

ground 

ground 

asteam-cngiae 

per 

gallons,  per 

to  do  the  same 

per 

gallons,  per 

to  do  the  sans 

hour. 

minute. 

work,  in  inches. 

hour. 

minute. 

work,  in  inches. 

I 

491 

12-5 

1 

410 

12-5 

H 

650 

14-6 

14 

595- 

14-6 

2 

811 

16-75 

2 

730 

16-75 

24 

993 

l«-5 

24 

860 

18-5 

3 

1176 

20-2 

3 

1054 

20-2 

3i 

1380 

21-75 

34 

1227 

21-75 

4 

1582 

23-25 

4 

1400 

23-25 

44 

1802 

24-75 

44 

1600 

24-75 

5 

2023 

26-25 

5 

1800 

26-25 

The 

water-wheel,  17  feet 

The  water-wheel,  .19  feet  { 

diameter. 

diameter. 

1  BolU. 
per 

hour. 

Witer, 

gallons  p« 

minute. 

Cylinder,  in 
inches. 

BoUs. 
hour. 

Water, 

gallons  per 
minute. 

Cylinder,  In 
inches. 

1 

458 

12-6 

1 

411 

12-5 

14 

628 

14-6 

14 

550 

14-6 

2 

770 

16-75 

2 

690 

16-75 

24 

943 

18-5 

24 

845 

18-5 

3 

1117 

20-2 

3 

1000 

20-2 

34 

1300 

21-75 

34 

1165 

21-75 

4 

1482 

23-25 

4 

1330 

23-25 

44 

1695 

24-75 

44 

1517 

24-75 

5 

1906 

26-25 

5 

1707 

26-25 
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The  water-wheel,  20  feet 

The  water-wheel,  22  feet 

diameter. 

diameter. 

Balbol 

Qntntity  of 

Diameter  of 

BoUs  ol 

Qaantity  of 

Diameter  of 

c«ra 

witer  requi- 
site, in  ue 

the  cylinder  of 

corn 

water  requi- 
site, in  ue 

the  cylinder  of 

gfoanl 

k  iteain-cngiue 

ground 

a  steam-eogine 

^. 

gilkKii.per 

to  do  the  nine 

V" 

gallons,  per 

•o  do  the  same 

mmute. 

waifcjiniDchei. 

boor. 

minute. 

work,  in  inches. 

1 

392 

12-5 

1 

350 

12-5 

1\ 

530 

14-6 

u 

473 

14-6 

2 

675 

16-75 

2 

594 

16-76 

24 

806 

18-5 

24 

722 

18-5 

3 

946 

20-2 

3 

860 

20-2 

3i 

1110 

21-75 

H 

1007   • 

21-76 

4 

1270 

23-25 

4 

1153 

23-25 

^ 

1445 

24-75 

4V 

1313 

24-76 

5 

1623 

26-25 

5 

1472 

26-25 

The 

water-whc 

!el,  21  feet 

The  water-wh( 

;el,  23  feet 

diamett 

er. 

diamefa 

er. 

BUls, 
J*' 

Water, 
gallons  per 

Cylinder  in, 
inches* 

Bolls, 
per 

Water, 
gallon*  per 

Cylinder,  in 
inches. 

hoar. 

minate. 

hour. 

minute. 

I 

370 

12-5 

1 

338 

12-6 

n 

600 

14-6 

H 

454 

14-6 

2 

636 

16-75 

2 

570 

16-75 

2| 

767 

18-5 

24 

707 

18-5 

3 

900 

20-2 

3 

824 

20-2 

31 

1060 

21-75 

34 

964 

21-75 

4 

1212 

23-25 

4 

1124 

23-25 

^*, 

1379 

24-75 

44 

1258 

24-75 

M 

1547 

26-26 

5 

1412 

26-25 
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The  water-wheel,  24  feet 

The  water-wheel,  26  feet 

diameter. 

diameter. 

BdUof 

Qoinlitjrof 

Diameter  of 

BoUsof 

Quantity  of 

Diaraeterof 

com 

water  raqni- 

the  cylinder  of 

com 

water  requi- 
site, in  ale 

the  cylinder  of 

gromwl 

sile,  in  ale 

a  steam-engiae 

ground 

a  steam-engine 

p«r 

gallons,  per 

to  do  the  same 

P«f 

gallons,  per 

to  do  the  same 

hoar. 

VUDUte. 

vrorky  in  inches. 

■tour. 

1 

nunute. 

work,  in  iacbes. 

1 

327 

12-5 

303 

12-5 

H 

436 

14-6 

Ik 

403 

14-6 

2 

545 

16-75 

2 

504 

16-75 

2i 

671 

18-5 

2* 

617 

18-5 

3 

788 

20-2 

3 

730 

20-2 

3i 

920 

21  -75 

3i 

852 

21-76 

4 

1050 

23-25 

4 

975 

23-25 

*^ 

1204 

24-75 

4i 

1111 

24-75 

5 

1350 

'     26.25 

5 

1247 

26-25 

The  water-whed,  25  feet 

The  water-wheel,  27  feet 

diameter. 

diameter. 

Bolb, 
hour. 

Water, 

gallanspei 

miniite* 

cylinder,  in 
indies. 

BoUs, 

a. 

Water, 

gallons  per 

minute. 

Cylinder,  in 
inches. 

1 

316 

12-5 

1 

293 

12-5 

u 

418 

14-6 

n 

385 

14-6 

2 

520 

16-75 

2 

482 

16-75 

2i 

635 

18-5 

n 

598 

18-5 

3 

752 

20-2 

3 

703 

20-2 

3\ 

876 

21-75 

H 

822 

21-75 

4 

985 

23-25 

4 

940 

28-25 

4i 

1150 

24-76 

41 

1070 

24-76 

5 

1300 

26-25 

5 

1200 

26-25 
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The  water-wheel,  28  feet 

The  water-wheel,  30  feet 

diameter. 

diameter.               { 

1 

1        J 
Mktt 

Qootityof 

Diameter  of 

Bolliof 

Quantity  of 

Diameter  of 

an 

water  leqni- 

the  cylinder  of 

com 

water  requi- 
site, m  ale 

the  cyliDder  of 

(m*i 

site,iaal< 

a  (team-engine 

ground 

a  steam-engine  \ 

f 

gaUoiii,per 

to  do  the  ume 

per 

gallons,  per 

to  do  the  same 

hm. 

miirate. 

work,  in  inches. 

hour. 

nuDute. 

work,  in  inches. 

I 

282 

12-5 

1 

267 

12-6 

l\ 

370 

14-6 

l\ 

355 

14-6 

2 

463 

1675 

2 

447 

1675 

n 

570 

18-5 

2i 

545 

18-5 

3 

676 

20^ 

3 

645 

20-2 

H 

791 

2175 

3i 

760 

21-75 

i 

905 

23-25 

4 

858 

23-26 

^ 

1080 

2475 

4i 

983 

24-75 

5 

1153 

26-25 

5 

1106 

20-25 

The  wBter-wbeel,  29  &et 

The 

water-wheel,  31  feet 

dSameter. 

diameter. 

WM«r, 

gtOop*  per 
Biiiiat*. 

CyHnder,  ia 
iadie*. 

BdU*, 
u>ar. 

Water, 

gallons  per 

minute. 

Cylinder,  in 
inches. 

1 

274 

12-5 

1 

256 

12-5 

}} 

363 

14-6 

n 

340 

14-6 

tt 

455 

16-75 

2 

426 

16-76 

!!* 

557 

18-6 

2* 

520 

18-5 

3 

660 

20-2 

3 

620- 

20-2 

!* 

770 

21-75 

34 

717 

2175 

4 

880 

23-25 

4 

827 

23  25 

t* 

1005 

24-75 

^ 

940 

24-75 

& 

1130 

26-25 

5 

1068 

26-25 
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The  water-wheel,  32  feet 

diameter. 

Bolls  of 

Quantity  of 

Diameter  of 

corn 

water  reqni- 

the  cylinder  of 

ground 

site,  in  ue 

a  iteam-engioe 

P«f 

gallon*,  per 

to  do  the  lame 

hour. 

minute. 

work,  in  incho. 

1 

245 

12-5 

n 

325 

14-6 

2 

406 

16-75 

2i 

496 

18-5 

3 

588 

20-2 

3i 

690 

21-75 

4 

791 

23-25 

4J 

900 

24-76 

5 

1012 

26-25 

To  make  the  foregoing  tables  applicable  to  mills  intended 
to  be  turned  by  undershot  or  breast  water-wheels:  from 
Smeaton's  experiments  it  appears  that  the  power  required 
on  an  undershot,  water-wheel,  to  produce  an  effect  equal  to 
that  of  an  overshot  (to  which  the  tables  are  applicable,)  is  as 
2*4  to  one  3  and  also  the  power  required  on  a  breast  water- 
wheel,  which  receives  the  water  on  some  point  of  its  circum- 
ference, and  afterwards  descends  on  the  ladle  boards,  to 
rroduce  an  equal  effect  with  an  overshot  water-whed,  is  as 
•76  to  1, 
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A  Tabky  showing  the  necessary  size  of  the  cylinder  of  the 
common  steam-engine  to  grind  different  quantities  of 
corny  from  1  to  12  bolls  (4  to  48  bushels  Winchester 
measure)  per  hour. 


BoUt  of 

Diameter  of 

corn 

the  cylinder  of 

gronnd 

a  steam-engine 

per 

to  do  the  same 

hour. 

work,  in  inches. 

I 

12-5 

u 

14-6 

2 

16-75 

2i 

18-6 

3 

20-2 

3i 

21-75 

4 

23-25 

44 

24-75 

5 

26-25 

b\ 

27-25 

6 

28-1 

61 

29- 

7 

29-8 

7\ 

31-1 

8 

32- 

8i 

33-3 

9 

34-2 

9i 

35-2 

10 

36- 

lOi 

37-3 

11 

38- 

Hi 

38-85 

12 

39-5 

N.  B.  This  table  wUl  be  applicable  to  any  improved 
steam-engine,  as  well  as  that  of  the  common  kind,  if  the  ratio 
of  their  ^cacies  be  known. 

APPLICATION  OF  THE  TABLES. 

ExAMTLc  L— y  fl  9tream  of  water,  producing  808  gaUont,  oU  meatnre, 
per  mimOe,  am  be  applied  to  an  overahot  water-wheel  20  feet  ddmetetf 
what  quantity  of  com  will  it  be  able  to  grind  per  hour^ 
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Look  in  the  tables  under  a  20  feet  water-wheel,  and  opposite  808  gatloof 
will  be  found  2i  bolls  of  com  ground  per  hour. 

Example  II. — If  a  ttream  of  water  producing  SOS  gaUow,  alemeanre, 
per  minute,  can  be  applied  to  an  undershot  water-toheel  20  feet  dtamettr, 
what  fuantHy  of  com  can  it  grind  per  hourf 

It  IS  found  by  the  tables,  that,  if  applied  on  an  orershot  wateNidieel 
30  feet  diameter,  the  stream  will  grina  2f  bolls  per  hour;  and  from 
page  156,  the  power  required  by  the  undershot  to  that  of  the  oveisbot 
water-wheel,  to  produce  an  equal  effect,  is  as  2*4  to  1 ;  therefore,  v 
2*4  :  1  :  2*5  :  1*04  bolls  of  com  ground  per  hour  by  means  of  the  stream. 

Example  III. — If  a  stream  of  water,  producing  808  gallons,  ale  meatwet 
per  minute,  can  be  appUed  on  a  breast  water-wheel  20  feet  diameter,  what 
quantity  of  com  can  it  grind  per  hourf 

It  is  found  bv  the  tables,  that,  if  applied  to  an  overshot  water-wheel  of 
equal  size,  2f  bolls  of  com  will  be  ground  per  hour;  and  from  page  156, 
the  power  of  a  breast  water-wheel  to  that  or  an  oveishot  water-w^l,  to 
proauce  an  equal  effect,  is  as  1*75  to  1 ;  therefore,  as  1*75  : 1  :  :  2*5  :  1*42 
Dolls  of  com  ^ound  per  hour  by  the  iitream. 

Example  IV. — Of  what  diameter  mrnt  the  cylinder  of  a  eomwwn  ttos** 
engine  be  made,  to  grind  10  boUs  of  com  per  hourf 

By  looking  on  die  table,  page  157,  opposite  10  bolls  ground  per  boor, 
the  diameter  of  the  steam  cylinto  will  be  found  to  be  36  inches. 

FAMILY  MILL  AND   BOLTER. 

As  a  femily  mill  and  bolter  cannot  but  be  highly  useful  in 
many  situations^  we  shall  give  a  description  of  on^  or  two, 
beginning  with  that  invented  by  Mr.  T.  Kustall,  of  Purbrook- 
heath,  near  Portsmouth,  who  received  a  premium  of  forty 
guineas  from  the  Society  of  Arts  for  his  invention. 

In  fig.  157,  A  is  the  handle  of  the  mill ;  B  one  of  the  milUtODes, 
which  is  about  30  inches  in  diameter,  and  five  inches  in  thickness,  moring 
with  its  axis  C ;  D  is  the  other  mill-stone,  which,  when  in  use,  is  statiooaiy; 
but  which  may  be  placed  near  to  or  at  a  distance  from  the  movable  stone 
B,  by  means  of  three  screws  passing  through  the  wooden  block  £,  that 
supports  one  end  of  the  axis  C,  after  it  has  been  put  throush  a  hole  «r 
perforation  in  the-bed  stone.  The  grain  likewise  passes  uiroiu;h  tl» 
perforation,  from  the  hopper  F,  into  the  mill.  F  represents  the  hopper, 
which  is  agitated  by  two  iron  pins  on  the  axis  C,  that  alternately  raise  the 
Tessel  containing  the  grain,  which  again  sinks  bv  its  own  weight  Is 
consequence  of  this  motion  the  com  is  conveyed  through  a  spout  thai 
passes  from  such  hopper  into  the  centre  of  the  mill  behind,  and  through 
Uie  bed-stone  D.  G,  a  paddle,  regulating  the  quantity  of  com  to  be 
delivered  to  the  mill,  and  oy  raising  or  lowering  which,  a  larger  or  smaller 
proportion  of  grain  may  be  furnished ;  H,  the  receptacle  for  the  flour,  int^ 
which  it  ^lls  from  the  mill-stones,  when  ground ;  I  represents  one  of  the 
wooden  supporters  on  which  the  bed-stone,  D,  rests.  These  are  screwed 
to  the  blooL  £,  and  likewise  mortised  into  the  lower  frame-work  of  the 
mill  at  K,  which  is  connected  by  means  of  the  pins  or  wedges,  L,  L,  1^ 
that  admit  the  whole  mill  to  be  easily  taken  to  pieces;  M,  a  fly-wheel, 
placed  at  the  farthest  extremity  of  the  axis  C,  and  on  which  another  handle 
nay  be  oocasioaaUy  fixed ;  N,  a  small  rail,  serving  to  keep  the  hopper  m  its 
place,  the  furthest  part  of  such  hopper  resting  on  a  small  pto,  which 
admits  of  sufficient  motion  for  that  vessel  to  shake  forward  the  com;  0, 
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a  sffop-f^  for  strengtheniDg  tiie  frame-work  of  tLe  mill ;  P,  Uie  front 
opngbt,  that  is  mortised  into  the  frame-work,  and  serves  as  a  rest  for  the 
tad  of  the  iron  axis  C,  which  is  next  to  the  handle.  On  each  extremity 
of  sodi  axis  there  is  a  shoulder,  whidi  keeps  it  steady  in  its  place.  lastly, 
tbef«  is  ft  doth  hood  fixed  to  a  broad  wooden  hoop,  which  is  placed  over 
the  stcmcs  wiuie  working)  to  prevent  the  finer  purticles  of  flour  fix>m 
escaping. 

Fig.  158  represents  the  bolter,  with  its  front  removed,  in  order  to  display 
its  intetior  structure ;  the  machine  being  3  feet  10  inches  in  length,  and 
19§  indies  in  breadth,  and  18  indies  in  depth.  A  is  a  movable  partition, 
ibdiDg  about  four  feet  baokwardi  or  forwards  from  the  centre  of  the  box, 
spoB  two  wooden  ribs,  which  are  fixed  to  the  back  and  front  of  the  box, 
end  one  of  whicb  is  delineated  at  the  letter  B ;  C^  the  lid  of  the  belter, 

S (resented  open ;  D,  a  slider,  which  is  movable  in  a  groove  made  in  the 
,  by  means  of  two  handles  in  the  bade  of  suoh  lid  ;  E,  a  forked  iron,  fixed 
in  the  slider  D,  and  which,  when  the  lid  is  shut,  takes  hold  of  the  sieve  F, 
and  moves  it  backwards  and  forwards  on  the  wooden  ribs  B,  according  to 
the  agitation  of  the  slider;  G  represents  a  fixed  partition  in  the  lower  centre 
of  the  bos>  which  it  di^es  into  two  parts,  m  order  to  separate  the  fine 
from  the  coane  flour ;  from  this  partition  the  slider  A  moves  each  vray 
abo«t  four  inches,  and  thus  affords  room  for  working  flie  sieve;  U,  a  board 
that  is  parallel  to  the  bottom  of  the  bolter,  and  forms  part  of  the  slider  A ; 
thu  board  serves  to  prevent  any  of  the  sifted  matter  from  falling  into  the 
9tber  partitioii;  I  represents  two  of  the  back  feet  which  support  the 
Mter. 

Fig.  159  is  a  view  of  the  top  or  upper  part  of  the  lid  of  the  bolter ;  R 
the  sbder  that  moves  the  lengthwise  of  the  bolter;  LL  the  handles  bv 
i^ieh  the  slider  is  worked ;  M>  a  screw,  serving  to  hold  the  fork,  which 
Emparts  motion  to  the  sieve. 

Fig.  160  represents  the  forked  iron,  £,  separately  from  the  lid. 

Both  the  mill  and  bolter  may  be  constructed  at  a  moderate 
expense,  and  they  occupy  only  a  small  space  of  ground. 
The  former  ma^  even  be  woriced  in  a  public  kitchen,  or 
within  a  room  m  a  farm-house,  without  occasioning  any 
great  encumbrance. 

The  particular  exceDence  of  this  mill  consists  in  this  cir- 
cmnitaace,  that,  from  the  vertical  position  of  its  stones,  it 
may  be  put  in  action  without  the  intervention  of  cogs  or 
wheels.  It  may  be  employed  in  the  grinding  of  malt,  the 
fanaaing  of  oats  for  horses,  and  for  making  flour,  or  for  all 
these  fmrposes :  it  likewise  may  be  easily  altered,  so  as  to 
grind  either  of  those  articles  to  a  greater  or  less  degree  of 
iseneu. 

Anoiher  advantage  peculiar  to  Mr.  Rustall's  contrivance 
is,  that  one  man  is  sufficient  to  work  it;  though,  if  two 
persons,  namely,  a  man  and  a  boy,  be  employed,  they  will 
t>e  able  to  produce,  in  the  course  of  tiii'o  hours,  a  quantity  of 
flour  sulBcicnt  to  serve  a  family,  consisting  of  six  or  eight 
perfloos.  for  a  whole  week: — ^repeated  satisfactory  trials  have 
proved  that  this  mill  grinds  the  com  ecmipletely,  and  at  the 
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rate  of  one  bushel  of  wheat  within  the  hour.  Besides,  ilie 
industrious  farmer  will  thus  be  enabled  to  make  comparative 
experiments  on  the  quality  of  his  grain,  and  may  furDish 
himself,  at  a  trifling  expense,  with  flour  from  his  own  ^eat, 
without  apprehending  any  adulteration,  or  without  being 
exposed  to  the  impositions  or  caprice  of  fraudulent  and 
avaricious  millers. 

Lastly,  though  Mr.  Rustall's  bolter  be  more  particularly 
calculated  for  sifting  flour,  it  may  also  be  appliea  to  various 
other  useful  purposes,  and  especially  with  a  view  to  obviate 
the  inconveniences  necessarily  attendant  on  the  levigation  of 
noxious  substances,  and  to  prevent  the  waste  of  their  finer 
particles. 

In  order  to  reduce  the  labour  in  grinding,  and  to  adjast 
the  power  to  the  acquired  force,  and  also  to  simplify  luill- 
making  and  grinding,  and  to  reduce  the  expense  attendant 
upon  them,  so  as  to  enable  the  farmer  and  housekeeper  to 
be  independent  of  tbe  miller's  system  of  grinding,  Mr.  George 
Smart,  of  the  Ordnance- wharf,  Westminster-bridge,  in  April 
1814,  obtained  a  patent  for  certain  improvements  in  machinery 
for  grinding  com,  and  various  other  articles,  by  means  il 
which  every  article  required  to  be  broke  or  ground  is  exposed  to 
the  application  of  rubbers  or  crushers,  restingon  their  fulcrums, 
and  pressed  against  the  revolving  body  by  means  of  levers, 
weights,  or  springs.  The  rubbers,  or  crushers,  each  acting 
on  a  separate  axle,  will  admit  of  any  irregular  sur&ce,  from 
a  square  to  a  circle,  to  revolve  against  them,  as  each  can 
be  loaded  more  or  less,  by  moving  the  weights  on  the  levers 
fiirther  from,  or  nearer  to,  the  fulcrum ;  or,  if  with  springs, 
by  screwing  them  more  or  less  down.  The  rubbers  or 
crushers  may  be  plain,  grooved,  circular  sided,  concave,  or 
any  other  figure  best  adapted  for  the  substance  to  be  broke 
or  ground.  The  square  or  octagon  are  best  adapted  for 
breaking  cement-stones,  bones  for  manure,  chalk,  nuxing 
clay,  mortar,  &c.  For  breaking  malt,  beans,  &c.  one  cmsber 
only  is  wanted;  but  for  wheat,  oats,  barley,  rice,  or  any 
flour,  or  meal,  the  more  rubbers  or  crushers  the  finer  the 
article  will  be  ground;  and  the  more  flats  there  are  on  the 
revolving  body,  the  more  crushers  can  be  applied  to  advantage. 

HAND-MILLS 

Are  most  commonly  used  in  grinding  coffee  and  spfees; 
i>ut  they  are  sometimes  made  of  a  larger  size,  and  used  to 
grind  wheats  malt,  &c. ;  in  such  cases  the  hand  is  generally 
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Ipplied  to  a  winch  handle.  In  Bockler's  Theatruin  Ma* 
Amarum  there  is  a  description  of  a  mill^  in  wliich  the  effort 
of  a  roan  is  applied  to  a  leyer  moving  to  and  fro  horizontally, 
nearly  as  in  tne  action  of  rowing :  as  this  is  a  very  advan- 
tigeous  method  of  applying  human  strength,  the  effort  being 
neady  assisted  by  tiie  heaviness  of  the  man  in  leaning 
rack,  we  shall  §^ve  a  brief  description  of  it. 

It  is  represented  in  fig.  161.  The  yertical  sliaft  £  G  carries  a  toothed 
wheel  C,  and  a  solid  wli^l  F ;  the  latter  being  intended  to  operate  as  a 
Rguktii^  fty.  Upon  the  crank  AB  hangs  one  end  of  an  iron  I^  the 
other  end  of  which  hangs  upon  the  lerer  H  K,  the  motion  being  pretty  free 
«t  both  endft  of  this  bar  L  One  end  of  the  lever  U  K  hangs  upon  the  fixed 
hw^  K,  about  which,  as  a  centre  of  motion,  it  turns.  Then,  while  a  man, 
b^  puUmg  at  the  lever  H  K,  moves  the  extremity  H  from  H  to  N,  the  bar 
I  acting  upon  the  crank  A  B  gives  to  the  wheels  C  and  F  half  a  rotation ; 
tad  the  momentum  they  have  acquired  will  carry  them  on,  the  man  at  the 
lever  suffering  it  to  turn  back  from  N  to  H,  while  the  other  half  of  U»e  rota- 
tion of  the  wheels  is  completed.  In  like  manner  another  su£Bcient  pull 
M  the  lever  H  K  gives  another  rotation  to  the  wheel  C,  and  so  on,  at 
pleuure.  The  wheel  C  turns  by  iu  teeth  the  trundle  D,  the  spindle  of 
vkidi  carries  the  upper  mill-stoue,  just  as  the  spindlt  D  carries  round  the 
ipper  mill-stone  in  ng.  156.  In  this  mill  the  nearer  the  end  of  the  bttf  lupoQ 
the  lever  H  K  is  to  Uie  fixed  hook  K,  the  easier,  caterU  paribus,  will  the 
Btttt  work  the  mill.  If  the  number  of  teeth  in  the  wheel  C  be  six  times 
Ike  number  of  cogs  in  the  trundle  B,  then  the  labourer,  bv  making  ten 
pidls  at  the  lever  H  in  a  minute,  will  give  sixty  revolutions  to  the  upper  mill- 
Mooe  in  the  same  space  of  time. 

In  the  Transactions  of  the  Society  qf  Arts^  may  be  seen 
i  description  of  a  mill,  invented  bv  Mr.  Gamett  Terry, 
of  the  Citv-road,  for  grinding  hard  substances,  by  means 
of  a  iHieel  tumuig  upon  a  horizontal  axis  instead  of  a 
vertical  one,  as  in  the  common  consthicticm.   See  fig.  162. 

TBB   rOOT-MILL 

Is  used  for  grin£ng  com  or  any  other  substance,  moved 
by  the  pressure  of  the  feet  of  men  or  oxen.  A  judicious 
construction  of  tiie  foot-mill  is  given  in  G.  A.  JSockler's 
J%€airum  Machiiiarum. 

This  mill  is  represented  in  fig.  163.  A  is  an  inclined  wheel,  vrfaich  is 
totned  by  the  weieht  of  a  man,  and  the  impulsive  force  of  his  feet  whila 
he  supports  himselCor  occasionally  pushes  vrith  his  hands  at  the  horizontal 
har  H.  The  fiice  of  this  wheel  has  thin  pieces  of  wood  nailed  upon  it  at 
proper  distances,  to  keep  the  feet  of  the  man  from  slipping  while  he  pushes 
the  wheel  round :  and  the  under  side  has  projecting  teeth  or  waves  vrhich 
catch  into  the  cogs  of  the  trundle  B,  and  by  that  means  turn  the  horizontil 
shaft  G  with  the  wheel  C :  this  latter  wheel  turns  the  trundle  D,  the  axle 
of  which  carries  the  upper  miU-etone  £.  This  kind  of  foot-mill  will 
antwer  extremely  well  to  grind  malt,  &c.  when  no  very  great  power  is 
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KNEADINO-MILL^ 


The  business  of  grinding  and  baking  is  in  one  seose  so 
cloself  eonneeted,  that  we  shall  in  this  place  present  a 
description  of  the  kneading-mill ;  which  is  meant  to  do  away 
with  that  disgusting  practice  among  bakers  of  kneading  the 
dough  with  their  bare  feet.  It  would  be  well  if  the  legisla- 
ture paid  some  attention  to  this,  which  is  still  carried  on^ia 
some  parts  of  the  metropolis^  and  particularly  in  the  kneading 
of  dough  for  biscuits. 

In  the  public  baking-houses  of  Genoa  a  machine  is  used 
which  produces  a  great  saving  of  time  and  labour.  It  was 
first  described  in  the  Atti  detla  Sodeta  PatrioHca  di  Milano, 
vol.  ii. 

A,  in  fig.  164,  is  a  frame  of  wood  which  sdupports  the  axis  of  the  machine : 
a  wall  14  palms  high  firom  the  ground  may  be  made  use  of  instead  of 
this  frame.  B,  a  wall,  3i  palms  thick,  through  which  the  aforesaid  am 
passes.  C,  another  wall,  similar  to  the  former,  and  £Eicing  it  at  the  distance 
of  21  palms.  D,  the  axis,  30  palms  in  length,  and  one  palm  and  one^hird 
in  thickness.  £,  the  great  wheel,  fixed  to  me  said  axis,  between  the  frame 
and  the  wall ;  its  diameter  is  28  palms ;  and  its  breadth,  which  is  capable  o( 
holding  two  men  occasionally,  is  five  palms.  F,  are  steps,  by  treading  on 
which,  the  men  turn  the  wheel  very  smartly ;  they  are  two  palms  distant 
from  each  other,  and  one-third  of  d  p^lm  in  height.  G,  a  small  wheel  with 
cogs,  fixed  almost  at  the  farther  extremity  of  the  axis:  its  diameter  is 
12I  palms.  H,  a  beam  of  wood  whieh  ex{ends  fit>m  ooe  wall  to  the  other, 
being  91  palms  in  length,  ai^d  one  and  t  third  in  ^kness.  A  simulaf  J>eam, 
not  seen  in  the  figure,  is  on  the  t>ppoitte  aide  of  the  axis,  ly  a  transretie 
piece  of  wood,  placed  near  the  waif  G ;  it  is  fixed  into  the  two  beams,  add 
serves  to  support  the  further  .extremity  of  the  axis;  Its  length  is  14  palros, 
and  its  thickness  one  and  a  third :  there  is  likewise  a  transTerst  piece  (wfaieh 
cannot  be  seen  in  the  figure)  14  palms  long,  and  half  a  pahn  thick,  placed 
close  to  the  wall  B.  K  is  a  strong  cunred  piece  of  oak,  fixed  transversely 
in  the  side  beams  H,  to  receive  the  axis  of  the  tnmdle :  its  length  is  14 
palms,  and  its  thickness  If.  L  is  a  trundle  of  Sf  palms  in  diameter, 
and  li  in  height,  which  is  moved  by  the  cog-Tvheel  G.  M  is  a  trundle 
proceieding  from,  the  trundle  L,  and  continued  throueh  the  cross  N  to  the 
bottom  of  the  tub  P;  its  centre  is  made  of  iron,  paruy  square  and  paitly 
round,  and  it  turns  in  a  socket  of  brass.  The  firsi  par^r  of  this  axis  between 
the  trundle  L  and  the  cross  N  is  of  square  iron,  Surrounded  by  two  pieces 
of  wood,  held  together  by  iron  hoops,  which  maty  l>e  removed  at  pleasure 
to  examine  the  iron  within ;  its  length  is  three  palfns,  its  diameter  about 
one  palm.  The  second  part  of  the  axis  which  id  within  (ho  tjibe,  is  made 
like  the  first  part;  its  length  is  If/ palm,  its  diameter  1^.  Hie  wooden 
sheath  of  this  part  of  the  axis  is  fiaad  to  the  bottom  Of  the  tub,  by  the  means 
of  three  screws  with  their  nuts.  This  axis  is  distant  onc-thiTd  of  a  ^tAm 
from  the  nearest  triangular  beater  of  the  cro^.  N,  tfte  cross,  fqnned  of  tiro 
'  bars  of  wood  unequally  divided,  so  *that  the  four  atms  of  the  cross  are  of 
4ifierent  lengths  :  one  of  the  two  pieces  of  wood  of  which  the  cross  i$  made, 
is  six  palms  in  length,  the  other  fire ;  their  thlcknbs  is  -^  of  a  pahn, 
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tod  their  breadth  one  palm.    O,  four  pieces  of  wood,  ca]led  beater*,  of  a 

triaogular  shape,  fixed  Tertically  into  the  extremities  of,  aod  underneath, 

tiie  arms  of  the  fore-mentioned  crosa ;  they  are  1|  palm  in  length,  and  half 

a  pafan  in  thickness,  and  beat  or  knead  the  dough  in  the  tub  at  unequal 

dntancci  from  the  centre.    P  is  a  stout  wooden  tub,  about  a  quarter  df  a 

palm  thidE,  well  hooped  with  iron;  its  diameter  is  six  palms,  its  heighl  1§  in 

tiie  dear.    Fig.  165  is  a  box  or  trough  of  wood^  four  palms  long,  and 

three  wide,  in  which  the  leaven  is  formed  (in  about  an  hour)  in  a  stove,  and 

in  wfaidi  it  is  afterwards  carried  to  the  tub  P.    Fig.  160  exhibits  a  view  of 

dtt  trundle,  cross,  &c.  with  a  section  of  the  tub.    Fig.  1 67*  is  a  bird  Veye  view 

of  the  cross  and  tub,  with  the  upper  ends  of  the  triangular  beaters.    This  tub 

P  win  contain  about  18  rubbi  (about  10  bu^els)  of  flour,  which  is  carried 

to  it  in  barrels :  the  leaven  is  then  carried  to  it  in  the  box  or  trough,  and 

when  the  whole  is  tempered  with  a  proper  quantity  of  warm  water,  the 

men  work  in  the  wheel  till  the  dongh  is  properly  and  completely  kneaded. 

Id  general  a  quarter  of  an  hour  is  sufficient  to  make  very  good  dough;  but 

ID  eiperienccd  baker,  who  superintends,  determines  that  the  operation 

shall  be  continued  a  few  minutes  more  or  less,  according  to  circumstances. 

The  measures  in  the  preceding  description  are  given  in 
Genoese  palms^  each  of  which  is  very  nearly  equal  to  9^ 
of  our  inches.  The  machinery  may  be  varied  m  its  construe* 
tioo  acccnrdbg  to  circumstances,  and  the  energy  of  the  first 
mover  much  better  sailed  than  by  men  walking  in  a  common 
wheel. 

In  November,  1811,  a  patent  was  granted  to  Mr.  Joseph 
Baker,  navy  contractor,  for  a  method  of  kneading  dough  by 
means  of  machinery.  The  invention  consists  in  having  an 
upright  .shaft,  turning  on  a  pivot,  fixed  in  tlie  centre  of  a 
circular  trough,  so  that  the  dough  placed  in  such  trough  may 
be  kneaded  by  a  stone  or  iron  roller,  on  its  edge,  passing 
(net  it  in  a  rotatory  motion,  being  fixed  at  a  due  distance  by 
an  horizontal  bar  or  axle  to  the  shaft,  which  is  to  be  turned 
by  means  of  one  or  more  other  horizontal  bars  likewise  fixed 
thereto,  and  worked  like  a  capstan  by  a  proportionate  munber 
of  bipeds  or  quadrupeds,  such  horizontal  bars  having  small 
duures  fixed  to  them,  so  as  to  run  in  the  trough,  and,  acting 
like  a  plough^  cause  the  dough  to  present  fresh  siurfaces  ibr 
each  successive  revcdution. 

Independent  of  the  methods  above  quoted,  many  others 
miglit  easily  be  adapted,  to  do  away  with  the  filthy  practipe 
to  which  we  have  alluded. 
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THE  STEAM-ENGINE. 

Thb  most  prominent  feature  in  modern  discovery  is  the 
sieam-engine,  which  has^  with  much  propriety,  been  dcno^ 
minated  *^  the  noblest  monument  of  human  ingenuity."  The 
Marquis  of  Worcester^  who  lived  in  the  reign  of  Charles  II., 
is  entitled  to  the  hon6ur  of  having  first  directed  the  attention 
of  mankind  to  the  expansive  force  of  steam  when  used  in  a 
close  vessel:  but  in  the  book  published  by  him  in  1663,  he  is 
not  sufficiently  explicit  or  intelligible,  for  us  to  determine 
what  kind  of  apparatus,  or  combination  of  machinery,  was 
used  by  him  for  the  guidance  of  its  powers.  It  i&  however 
but  reasonable  to  suppose,  notwithstanding  the  vagueness  of 
his  expressions,  that  it  was  principally  owing  to  the  direction 
his  observations  gave  to  the  minds  of  others  that  steam  b^an 
to  be  used  as  a  first  mover  of  machinery. 

When  water  is  exposed  to  the  action  of  heat,  it  expands 
and  assumes  the  gaseous  state  called  steam.  When  it  is 
confined  in  a  dose  vessel,  and  heat  is  applied  to  it,  the 
quality  of  expansion  is  exerted  to  a  powerjful  extent;  and  as 
the  space  between  the  top  of  the  water  and  the  top  of  the 
vessel  is  filled  with  atmospheric  air,  the  first  portion  of  the 
power,  exerted  by  the  expansion  of  the  steam,  is  directed 
towards  the  displacing  of  t^at  atmosphere  from  the  situation 
which  its  weight  had  assigned  it,  and,  consequently,  such 
portion  of  the  direct  action  of  the  expansive  force  of  steam 
IS  to  be  deducted  from  its  disposable  power.  This  portion 
of  power  is,  however,  ultim^;ely  available.  For  aa  by  a 
reduction  of  temperature  steam  reassumes  the  state  of  water, 
leaving  the  space  which  it  had  occupied  again  void,  the 
atmosphere  which  it  )iad  displaced  returns  to  its  former 
situation,  exerting  a  force,  so  to  do,  exactly  tantamount  to 
that  which  the  steam  had  exerted  to  displace  it.  This  force 
may  be  termed  the  consequent  power  of  steam.  The  direct- 
ing and  controlling  of  these  powers,  so  that  they  may  be 
applied  to  the  purpose  of  creating  equable  motion,  is  the 
object  attdned  sdmost  to  perfection  in  the  steam-engine:  and 
it  is  the  more  accurate  control,  the  more  advantageous 
application,  and  the  more  economic  production  of  these 
powers,  that  have  been  aimed  at  in  its  various  modifications. 

For  more  perfectly  illustrating  the  mode  in  which  steam  operates  we  will 
suppose  the  vessel,  represented  at  fig.  168,  to  be  filled  with  water  up  to 
the  line  A,  and  the  space  £  ocaipied  with  air,  and  having  a  plug  or  oiston 
fitting  it  at  C,  and  an  aperture  at  D ;  now  if  the  aperture  D  be  closeo^  tod 
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kit  ipplied  to  tbe  water,  as  at  F,  steam  will  be  generated,  and  by  its 
apuiiTe  force  will  raise  the  piston  C  upwards ;  then  if  the  heat  be  with- 
^wn  and  the  Tessel  suddenly  cooled,  condeusatiou  will  take  place ;  the 
fleam,  retssoming  the  form  of  water,  will  again  occupy  the  space  below 
6e  tine  A,  and  the  piston  C  will  return  to  its  place.  In  this  experiment 
tbe  ezpansire  force  of  the  steam  compressed  the  air  in  the  space  £,  and 
feiced  the  plug  C  upwards,  we  will  suppose,  to  H;  but  C,  in  travelling  to 
H,  diipbced  eo  much  of  the  atmosphere  as  occupied  the  tube  firom  C  to  II ; 
consequently,  the  portion  so  displaced  will  seek  to  resume  its  natural 
pontioD,  anid  when  the  force  of  tne  steam  \h  withdrawn  by  condensation, 
tke  weight  of  that  portion  of  the  atmosphere  will  again  return  the  plug  C 
to  its  pboe ;  by  which,  it  is  obvious,  that  the  raising  of  the  plug  was  the 
direct  action  of  the  steam,  and  the  returning  its  consequent  action,  or 
tbe  action  of  the  atmosphere  in  consequence  of  its  having  been  displaced 
17  the  force  of  the  steam. 
Again,  if  we  suppose  the  ulug  to  be  in  its  first  situation,  as  .at  C,  and  we 

rn  the  apertuie  at  D,  ana  apply  heat,  the  steam  will  rise  into  Uie  space 
and  €xp^  the  air  through  the  aperture  D,  which  being  closed,  and 
ooodeDsatioo  caused,  the  space  £  will  be  left  a  vacuum,  and  the  atmo- 
•pb»e  seeldng  to  occupy  that  space  will  force  the  plug  C  down  to  the  line 
A;  here  tbe  movement  of  the  plu^  C  was  solely  caused  by  the  atmosphere 
noting  itself  to  regain  the  position  whence  it  had  been  expelled  by  die 
face  ot  the  steam  through  D,  and  this  effect  is  performed  by  the  conse- 
qient  power  of  steam  alone. 

It  has  been  fomnd  by  experiments,  that  the  pressure  of  the  atmosphere  is 
equal  to  about  14  pounds  weight  upon  every  sqiiare  inch,  so  that  sup- 
ponng  the  superficies  of  Uie  aperture  of  the  vessel,  fig.  168,  to  contain  one 
iqqaie  mdi,  the  power  exerted  by  the  steam  in  raising  C  to  H  will  be 
*»**immiiit  to  raising  14  pounds  weight  that  height,  together  vrith  the 
power  neoessaiy  to  overcome  the  friction  and  weight  of  the  piston  C,  in 
(he  cylinder;  and,  that  the  power  exerted  by  the  steam  in  expelling  the 
atmosphere  from  the  space  £,  and  obtaining  its  consequent  pressure  to  the 
ninng  of  14  pounds  from  A  to  C ;  and  that  the  disposable  power,  obtained 
by  the  reCnm  of  the  piston  from  H,  will,  in  the  first  instance,  be  equal  to  the 
niniig  of  14  pounds  weight  from  C  to  H,  less  the  amount  of  the  friction  of  the 

Ci  C ;  ana,  in  the  second,  will  be  equal  to  the  raising  of  14  pounds  weight 
C  to  A,  less  the  amount  of  the  friction  as  before.  In  both  these  instances 
^  expansive  or  diieet  force  of  the  steam  has  only  been  considered  as  equal 
to  the  dinbdng  of  the  atmosphere,  or  what  will  be  equal  to  14  pounds 
pressure  on  ea(£  soperfidal  inch ;  but  if  the  piston  C  be  loaded  with  any 
^ieigfat,tbe  steam  vriU,  if  urged  with  sufficient  heat,  raise  it,  always  premising 
that  the  vessel  is  strong  enough  to  resist  the  increased  pressure.  Suppose 
C  to  be  loaded  vrith  10  pounds  of  weight,  the  steam  must  be  urged  unltl  its 
piessuie  is  equal  to  24  pounds,  10  pounds  more,  14  pounds  Uie  pressure 
of  tbe  atmospliere  on  «ua  square  inch,  and  the  resulting  disposable  force 
wiQ  be  equal  to  24  pounds  more,  the  weight  of  C,  less  iu  friction  return- 
ing to  the  place  from  where  C  was  raised ;  so  that,  in  this  case,  the  pressure 
on  tbe  mtemal  sides  of  the  vessel,  tending  to  burst  it,  will  be  equal  to 
10  poonds  per  square  inch  of  the  internal  superficies,  the  remaining 
14  pounds  being  counteracted  by  the  pressure  ot  tbe  atmosphere  on  the 
external  surfoce,  which  is  equal  to  14  pounds  of  the  internal  pressure.  By 
this,  it  is  evident,  that  the  direct  force  of  steam  may  be  increased  without 
limits,  whereas  the  resulting  force  or  pressure  of  the  atmosphere  is  mani* 
fostly  bounded  to  14  or  15  pounds  on  the  square  inch  according  as  its 
density  varies. 
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Trusting  from  this  explanation  that  even  those  who  are 
unacquainted  Mrith  matters  of  this  nature  will  clearly  compre- 
hend the  manner  in  which  the  expansive  force  of  steam 
operates^  we  shall  proceed  to  explain  the  different  mechanical 
combinations  which  have  been  formed  to  render  this  power 
subservient  to  our  will :  premising  that  what  we  have  hereto- 
fore  called  the  consequent  power  of  steam  will,  in  future,  be 
considered  the  pressure  of  the  atmosphere,  which  in  &ct 
it  is,  having  adopted  the  other  term  in  tJie  introductory 
explanation,  in  order  more  clearly  to  impress  on  the  mind, 
that  the  expansive  force  of  steam  is  actually  the  only  ori^nator 
of  power  in  this  machine. 

The  first  apparatus  with  which  we  are  acquainted,  con- 
structed for  the  purpose  of  employing  steam  as  power  to  act 
in  a  close  vessel,  was  invented  by  a  Captain  Savary,  fur 
which,  in  the  year  1698,  he  obtained  a  patent.  The  form  of 
it,  as  invented  by  him,  is  represented  in  fig.  169. 

a,  a  close  boiler,  placed  on  a  fiimaeey  and  of  sufficient  strength  to  resist 
considerable  pressure;  B  another  vessel  strongly  constructed ;  c  c  a  pipe  with 
a  cock  in  it  at  t\  by  means  of  which  a  communication  can  be  made  from  a  to  B 
at  pleasure ;  e  a  pipe  proceeding  downwards  into  a  well  or  other  reserroir  of 
water;  ff  another  pipe  proofing  from  B  to  a  reservoir  placed  above; 
A  A  is  a  pipe  communicating  from  d  to  the  pipe  //,  and  having  a  cock  in 
it  at  A  to  allow  o(  or  cut  off,  such  communication ;  m  b  a  valve  capable  of 
closing  the  pipe  e  by  pressure  from  above,  and  of  opening  it  bv  pressora 
from  below;  /  a  similar  valve  fitted  to  the  pipe  ff,  and  capable  of  being 
acted  upon  in  a  similar  manner.  If  the  boiler  a  be  filled  with  water  to  the 
dotted  line,  and  heat  applied  by  means  of  the  furnace,  the  steam  will  rise 
in  the  boiler,  and,  passing  through  the  pipe  c  c,  fill  the  vessel  B,  and  pass 
up  the  pipe//;  the  valve m being  shut  by  the  expansive  force  of  the  steam 
pressing  upon  it :  if  the  cock  t  be  now  shut  and  the  steam  in  the  vessd  B 
condensed,  by  throwing  cold  water  upon  its  outer  surfiice,  the  atmosphere 
pressing  on  the  valve  m  will  close  it,  and  the  interior  of  the  vessel  B  remain 
a  vacuum,  and  the  water  in  the  reservoir  to  which  the  pipe  e  passes  will  be 
forced  by  the  external  pressure  of  the  atmosphere  into  the  vessel  B  up  to 
the  dotted  line,  which  is  supposed  to  be  aoout  26  feet  from  the  sumce 
of  the  water  in  the  reservoir,  being  the  length  of  a  column  of  water,  which, 
caking  into  account  that  the  vacuum  thus  formed  is  not  quite  perfect,  is 
equal  to  the  pressure  that  will  be  exerted  by  the  atmosphere.  If  the  cock 
i  be  opened  a^n,  and  the  steam  allowed  to  press  on  the  surface  of  the 
water,  in  B,  it  will  close  the  valve  m,  and  cause  the  water  to  ascend  the 
pipe  //,  through  the  valve  /,  to  the  upper  reservoir ;  and  when  the  cock  i 
IS  again  shut,  and  the  steam  in  B  again  caused  to  condense,  the  operatioQ 
will  be  repeated,  and  the  weight  of  the  water  in  the  pipe  //will  close  the 
valve  2,  and  cause  the  vessel  B  to  be  filled  by  e  as  before. 

Such  was  the  construction  and  mode  of  operating  with  the  first  apparatus 
made  by  Captain  Savary.  But  he,  finding  it  inconvenient  to  cause  con- 
densation by  means  of  throvnng  cold  water  upon  the  outer  surface,  introduced 
the  pipe  hh  into  B,  which,  by  opening  the  cock  ky  allowed  some  portion  of 
tlie  water  to  pass  from  the  pipe  ff,  which  was  always  full  after  the  finrt 
stroke,  and  thereby  cause  conaeusation  more  quickly  to  ensue. 
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Tlie  tri^  or  gsoge  cocks  o,  q,  were  also  coDtmed  by  Captain  SavRry/  in 
order  to  ajcertain  die  height  of  the  water  in  the  boiler.  If  the  surluce  of 
the  water  is  above  the  lower  ends  of  the^  cocks,  and  the  cocks  be  opened, 
water  will  issue  from  them ;  if  below,  steam.  But  if  the  water  is  at  its 
pToper  IcTcl,  that  is  to  say,  if  the  surface  of  the  water  be  in  the  inter- 
mediate space  between  tlie  ends  of  the  cocks  g  and  n  o,  water  will  issue 
ibm  the  lormer,  and  steam  from  the  latter.  This  knowledge  was  neces- 
caiy  to  be  obtained  ;  for  should  the  surface  of  the  water  exceed  the  height 
of  the  cocks  o,  there  will  not  be  room  for  a  sufficiency  of  steam  to  remain 
in  store  for  continued  operation. 

The  apjdicatioii  of  this  en^ue  was  confined  to  the  raising 
of  water  to  small  heists,  as  it  operated  only  by  atmospheric 
pressure ;  in  deep  mines  it  was  found  not  to  be  ^ective.  Tak- 
ii^  into  consideration^  however,  the  then  imperfect  state  of 
knowiedge,  so  £Eur  as  regarded  steam  as  a  first  mover,  the 
mventor  is  ^ititled  to  no  inconsiderable  degree  of  praise  for 
this  specimen  of  his  ingenuity.  The  greatest  objection  to 
dui  mode  is,  the  great  waste  of  steam,  and  consequent 
unnecessary  esqienditure  of  fuel,  aridng  from  the  condeiisa- 
tkm  beii^;  effected  by  allowing  cold  water  to  come  into 
(xmtact  with  the  steam  in  the  vessel  JB. 

At  the  time  when  the  existence  of  this  engine  was  first 
made  known  to  the  public,  the  amasdng  power  of  steam, 
which  it  so  plainly  demonstrated,  began  very  deservedly  to 
obtain  the  attention  of  ingenious  men;  and  disputes  for  the 
honour  of  the  tf  scovery  took  place,  the  Enrfish  ascribing  it 
to  the  Marqius  of  Worcester,  the  French  to  Papin. 

WiUiout  entering  into  the  minutiffi  of  this  contest,  it  will 
be  stifBcient  for  us  to  trace  progressively  the  grand  improve- 
ments that  have  taken  place  in  the  steam-engine  in  this 
comitry:  though  not  forgetting  to  mention  the  accessary 
improvements  derived  from  foreign  aid.  Of  this  latter  is  the 
safety  valve,  an  instrument,  though  in  itself  simple,  of  such 
TOt  impoTtance,  that  to  it  may  be  attributed  the  general 
introduction,and  consequent  improvement,ofthe  steam-engine 
to  its  present  existing  state  of  perfection.  It  was  contrived 
by  Dr.  Papin,  who,  at  the  time  of  Captain  Savary's  invention, 
was  making  experiments  on  the  power  of  steam  at  high 
temperatures,  for  the  purpose  of  dissolving  bodies.  It  con- 
sists merely  of  an  aperture  of  a  specific  dimension,  suppose, 
for  instance,  one  square  inch,  in  or  communicating  with  anv 
dose  boiler,  and  a  valve  properly  fitted  in  that  aperture,  such 
vahrc  being  on  the  outside  loaded  to  any  extent  considered 
necessary  to  resist  the  force  of  the  steam  until  it  has 
acquired  a  certain  degree  of  power,  computed  to  be  what  the 
boiler  is  perfectly  capable  of  sustaining  without  the  chance  of 
^>^^inting.    Now  it  is  manifest,  until  the  pressure  of  the  steam 
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within  has  exerted  itseif  so  far  as  to  raise  such  weight,  the 
internal  pressure  per  square  inch,  tending  to  burst  the  boiler, 
does  not  ei^ceed  the  amount  of  such  weight,  so  that,  by  this 
means,  an  estimate  of  the  chances  of  such  an  occurrence 
taking  place  can  easily  be  made. 

The  contrivance  by  Dr.  Papin,  of  placing  a  piece  of  wood 
to  float  upon  the  sur&ee  of  the  water,  though  an  improve- 
ment in  this  stage  of  the  engine,  is  now  of  no  importance: 
but  it  is  not  improbable,  that  this  first  Suggested  the  idea  of 
a  close  fitted  pbton  working  iii  a  cylinder,  which  constituted 
the  most  valuable  part  in  the  next  step  of  advancement 
This  was  effected  by  an  ironnu)nger  or  smith  of  the  name  of 
Newcomen,  and  a  glazier  of  the  name  of  Cauhr,  residing  at 
Dartmouth,  in  Devonshire,  who  were  contented  to  share  the 
profits  of  the  invention  with  Savarv,  and  jointly  with  him 
obtained  a  patent  for  it  in  the  year  1706. 

This  engine,  generally  called  Newoomen's  engine,  was  the 
first  that  had  a  piston  fitted  to  work  in  a  cylinder,  whidi, 
together  vnth  the  beam,  gave  to  the  construction  of  the 
machine  a  new  character. 

An  engine  upon  this  construction  is  represented  in  fig.  170,  where  A  is 
a  boiler  placed  upon  a  furnace ;  6,  a  cylinder,  bored  true,  and  baring  tbe 
piston  c  fitted  to  work  easily  therein ;  ^^  a  eock  in  the  pipe  forming  a  com* 
munication  from  the  boiler  to  the  lower  part  of  the  cylinder ;  S,  a  safety 
valve  loaded  by  the  weieht  at  the  extremity  of  the  lever  r  i,  pressing  upon 
the  upright  pin  of  the  valve  at  t ;  ddy^  pipe  leading  from  tne  cylinder  B 
to  the  reservoir  t,  with  the  cock  e  for  opening  and  closing  the  connectioQ; 
//,  another  pipe  leading  also  from  the  cylinder  to  the  reservoir  k^  having  a 
valve  at  the  lower  extremity,  opening  outwards,  for  the  purpose  of  allowing 
any  accumulation  of  condensed  water  in  the  cylinder  to  run  off,  and 
through  which  the  air  may  be  ejected  by  the  steam  when  filling  B ;  LL  is 
a  beam,  supported  upon  the  wall  K  K,  and  capable  of  vibratmg  upon  the 
centre  (J;  a  is  the  rod  of  the  piston,  fiistened  to  the  curved  end  of  Uie  beam 
by  a  diain ;  m  m  the  rod  of  the  pump,  fixed  to  the  beam  in  a  manner 
similar  to  the  piston  rod;  the  pump  is  placed  in  the  well  or  pit  or,  with 
the  vreights  oo  haneing  upon  the  pump  rods  sufficient  to  counter 
balance  the  piston  and  rod  on  the  other  end  of  the  beam,  and  keep  it  raised 
to  the  top  of  the  cylinder ;  p  p  is  a  pipe  leading  fiom  the  pump  in  the  well 
to  supply  the  cistern  I. 

Supposing  the  piston  c  to  be  in  the  situation  c^,  near  the  top  of  the 
cylinder,  and  the  steam  in  the  boiler  to  be  urged  by  fire  in  the  furnace,  aod 
the  cock  9  to  be  open,  the  cylinder  B  Inll  become  filled  with  steam,  and 
the  air  that  is  in  it  be  expelled  b^  the  pipe  Y^  and  through  the  clack-valve 
at  the  end,  which,  fix>m  the  noise  made  by  such  expulsion  is  called  the 
snifting-Kdack.  If  the  cock  q  be  dosed,  und  that  at  e  opened,  water  wiU 
rush  from  the  reservoir  i  in^  the  cylinder,  and  by  causing  an  immediate 
condensation  of  the  steam  create  a  vacuum,  so  that  the  pressure  of  the 
atmosphere  will  operate  upon  and  force  down  the  piston  c  to  the  bottom 
of  the  cylinder,  and  cause  the  other  end  of  the  beam  L  to  rise  as  much  as 
that  end  falls,  which  makes  one  stroke  of  the  pump-rods.  If  the  cock  e  be 
I^W  doted,  and  ^  opened^  steam  will  force  against  the  bottoiq  of  e^  and  hj 
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ovfroooiiiif  the  pressure*  ot  the  atmosphere  again  raise  it  to  its  original 
position;  and  q  being  again  closed,  and  €  opened,  the  performance  of  a 
urailar  operation  will  be  effected. 

The  advantage  sought  in  the  construction  of  this*  sort  of  engine  wat 
(drained,  namely,  that  of  not  bein^  required  to  use  steam  of  greater 
pressore  than  the  atmosphere,  which  was  the  case  in  Savary's  engine,  when 
tte  height  the  water  was  to  be  raised  by  the  pipe  //,  6g.  169,  exceeded 
more  t£m  about  32  feet.  In  Newcomen's  engine,  the  weight  o  o  balances 
tlie  piston  e,  and  the  exertion  of  the  steam  is  never  required  to  be  more  than 
about  14  pounds  to  the  superficial  inch;  whilst  the  introduction  of  the 
beam  affords  a  movement  applicable  to  the  working  of  pumps,  by  which 
water  can  be  raised  to  any  required  height. 

The  cocks  q  and  e  were  opened  by  tli^  hand  of  an  attendant  until  a  boy 
of  the  name  of  Potter,  who  was  intrusted  with  the  managjement  of  them, 
to  save  himseif  the  labour  and  attention  which  they  required,  ingeniously 
oootiived  to  attadi  a  piece  of  string  to  the  levers  of  the  cocks,  and  to  the 
beam  L  L,  in  such  a  manner,  as  to  procure  by  its  movement  their  being 
opened  and  shut  at  the  proper  periods.  It  was  this  gave  the  idea  for  the 
constiudion  of  that  part  of  the  present  engine  called  hai^d-geer. 

Hie  next  person  who  made  any  considerable  imprpyemeut 
h  the  steam-engine  was  Mr.  Henry  Beighton,  of  Newcastle, 
who  invented  the  part  called  the  plng-tre^,  for  opening  and 
ihotting  the  valves,  which  we  shaU  describe  m  a  more 
advanced  part  of  the  work:  he  also  adopted  a  force-pump,  to 
supply  the  deficiency  of  water  in  the  boiler  caused  by  the 
expenditure  in  the  production  of  steam.  This  engine,  called 
Baghton's  Jhre^enginey  was  much  used  for  nearly  half  a 
centurv ;  and  the  attention  of  engineers  was  directed  more 
towards  the  economizing  of  fuel,  than  the  further  improve^ 
ment  of  the  engine. 

At  lengtii,  however,  it  began  to  be"  perceived,  that  the 
attabment  <rf  a  rotatory  motion  would  open  an  extensive 
field  for  the  application  of  its  powers  to  various  mechanical 
purposes ;  and,  accordingly,  we  find  the  attention  of  engineers 
most  actively  engaged  in  endeavouruig  to  effect  so  desirable 
an  object,  which  was  eventually  accomplished  by  Mr.  Matthew 
Washbrougb,  of  Bristol,  who,  in  the  year  177^^  obtained  a 

rnt  for  the  application  of  the  crank.  Though  this  is  by 
the  best  application  that  has  been  yet  applied,  as  is 
evident  from  its  now  almost  universal  adoption,  it  was  for 
■ome  time  superseded  by  the  suii  and  planet  wheels  intro-r 
duced  by  Messrs.  Boulton  and  Watt. 

The  son  and  planet  wheels  are  represented  in  fig.  171.  A  represents  the 
«nd  of  the  beam,  to  which  is  affixed,  by  a  movable  centre  at  F,  the  rod  B, 
««Ued  the  connecting  rod,  upon  the  lower  end  of  which  is  immovably  fixed 
Ihe  wheel  C ;  D  is  a  cog-wheel,  fixed  upon  the  axis  of  the  fly-wheel 
0  C  G  G,  and  capable  of  revolving  with  it.  When  the  beam  A  passe;! 
downwaids,  the  wneel  C  changes  from  its  position  at  C  to  C\  and  i»s  cogs, 
*ctiog  upou  those  of  the  wheel  D,  caiisc  that,  and  the  fly-w!ieel  to  ^*hi«  U 
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it  is  attached,  to  perform  that  portion  of  a  revolution  round  its  axis.  IW 
wheel  C,  from  the  manner  in  which  it  is  suspended,  tends  always  to  preis 
against  D  in  its  down^vard  and  upward  motions.  When  C  is  in  the  position 
of  C^,  -the  wheel  D,  from  the  Telocity  it  has  acquired  by  its  connection  with 
the  fly-wheel,  causes  it  to  pass  Under  the  centre  of  D,  and  the  beam  begin- 
ning immediately  to  ascend,  operates  by  C  on  the  other  side  of  D,  giving  it 
another  portion  of  impulse  towards  a  continuous  motion  whilst  passing 
from  €•  to  O,  and  when  it  arrives  at  C*  it  will  be  impelled  over  the  centre 
D  D  by  the  velocity  vHiich  its  own  action  had  given  tne  fly-wheel. 

The  crank  and  fly-wheel  invented  by  Mr.  Maithew  Washbrough  is  shown 
m  fig.  172.  A  and  B  represent  the  same  parts  as  in  fig.  171,  hut  the  lower 
end  of  B  is,  in  this  case,  attached  to  the  crank  C  at  c*,  and  is  capable  of 
revolving  round  the  centre  £;  the  other  end  of  the  crank  is  attadbed  to  the 
fly-wheel  D  D  D  D,  so  ^at  both  that  and  the  fly-vrheel  are  eapable  at 
revolving  round  the  centre  B.  When  the  beam  A  is  depressed*  it  com- 
municates motion  to  the  crank  and  fly-wheel  to  whidi  it  is  attached,  and 
when  it  arrives  at  H,  the  velocity  of  the  fly-whed  causes  it  to  past  uader 
the  centre  E,  and  the  beam  beginning  immediately  to  ascend,  again  coift- 
municates  motion  to  the  fly-wh€Nel. 

Tlie  length  of  the  connecting  rod  B  should  be  stich  that 
when  the  becmi  A  is  m  an  horizontal  position^  the  crank  w3l 
likewise  be  the  same;  and  when  the  crank  is  in  the  position 
as  at  G^  its  length,  together  with  the  length  of  the  crank, 
such  as  to  permit  the  oUier  end  of  the  beam.  A,  to  descend 
until  the  piston  which  is  attadied  to  it  is  at  the  bottom  of 
the  cylinder;  and  the  length  oi  these  and  the  cylinder  sudi| 
that  when  the  crank  is  in  die  position  H,  the  piston  ahall  be 
at  the  top  of  the  cylinder.  Tlus  method  not  only  affords  a 
rotative  motion,  but  determines  the  length  of  the  strdce 
which  the  piston  maybe  required  to  perform,  to  an  exactness 
that  is  of  great  importance ;  for  prior  to  its  introduction,  the 
forcible  stiikiug  of  the  piston  against  the  top  and  bottom  of 
the  cylinder,  which  was  attended  with  injurious  effects,  wai 
an  occurrence  by  no  means  unfrequent,  and  which  the  sun 
and  planet  wheels  were  in  no  way  calculated  to  remedy. 

Mr.  Watt,  a  native  of  Glasgow,  having  his  attention  ac* 
cidentally  directed  to  the  construction  of  the  steam-engine, 
discovered  that  water,  when  confined  in  a  close  vessel,  and 
heated  considerably  beyond  the  boiling  temperature,  would, 
when  the  steam  was  permitted  to  escape,  cool  rapidly  down 
to  the  boiling  point,  ^ich  suggested  an  idea,  that  the 
amount  of  steam  issuing  ironx  any  vessel  was  simply  in  jHtH 
portion  to  the  amoimt  of  heat  applied,  and  that  the  economiz- 
ing of  fuel  could  only  be  obtained  by  the  economizing  of 
steam.  Mr. Watt  alsonotice'd  the  great  change  whidi  took  ^ace 
in  the  temperature  of  the  cylinder  when  tiie  cold  water  was 
injected  to  condense  the  steam ;  and  concluded,  that  as  the 
coldness  of  the  cylinder  would  remain  after  the  necessary  con- 
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dfosation  had  been  effected,  a  wasteful  condensation  of  tbe 
newlv  introdaced  steam  must  take  place.  By  experiment  he 
foiuKi,  that  the  quantity  of  steam  thus  wasted  was  no  less  than 
thrice  the  contents  of  the  cylmder,  or  three  times  the  quan- 
I  tity  which  was  required  for  producing  the  efifect  sought*  The 
modes  to  which  he  had  recourse  to  remedy  this  defect  were 
first,  the  substitution  of  a  wooden  cylinder,  which,  upon 
rq^eated  trials,  he  was  compelled  to  abandon,  on  account  of 
the  roughness  produced  by  wet  and  the  changes  of  temper- 
ature ;  secondly,  the  enclosing  of  the  cylinder  with  wood,  and 
filling  the  intermediate  space  with  powdered  charcoal ;  which 
afterwards  was  superseded  by  the  introduction  of  an  extra 
cjSnder,  that  enciosed  the  working  cylinder,  and  permitted 
steam  to  flow  round  it,  which  maintained  it  at  .a  regular  tem- 
perature. T1^  outer  cylinder  is  termed  a  jacket,  and  is  now 
used  with  advant^e. 

In  the  year  1763,  Mr.  Watt  made  the  grand  improvement 
of  Meeting  the  condensation  in  a  separate  vessel,  conmiuni- 
cating  only  by  a  pipe  to  the  cylinder,  termed  the  condenser. 

^%'  1789  A  is  the  lower  part  of  the  cylinder;  B  the  condenser;  C  the 
oladion  pipe,  or  pipe  of  communication  between  the  cylinder  and  condenser, 
ctfo^A^  of  bemg  opened  or  closed  by  the  cocV  c  ;  and  DD  a  chamber  of  cold 
^■ater,  ia  whk^  the  condenser  B  is  immersed.  When  the  cock  c  is 
optatedf  die  steam,  by  its  elastic  force,  rushes  into  B,  where  it  is  condensed ; 
vad  dbe  space  it  has  left  in  the  cylinder  allows  a  new  supply  of  steam  to  be 
^vnerated,  which,  by  the  opening  of  the  cock  c,  also  passes  into  B^  and  is 
•imilariy  condensed.  The  condensing  of  the  steam  necessarily  accumulates 
viter  in  B,  and  reduces  the  capacity  of  the  condenser;  to  remedy  which, 
Mr.  Watt  introduced  a  small  pump,  worked  by  the  engine,  to  withdraw  the 
cxba  water,  as  also  the  air,  which  in  some  degree  hinderea'  the  perfectness 
of  the  Tacuura :  he  named  it  the  air-ptmp.  He  also  found  it  expedient  to 
permit  a  smal!  stream  of  water  to  run  from  the  chamber  DD,  by  means  of  a 
cock,  whidi  could  regulate  the  supply  accordbg  to  the  temperature  of  the 
water  in  D,  or  the  required  rapidity  of  the  condensation.  The  cistern  in 
wkidi  the  condenser  is  placed  is  called  the  evid-watcr  cUtern ;  it  is  con- 
tiaoaUy  being  supplied  with  fresh  water  from  a  pump  connected  with  a 
«<^  or  pit,  and  tne  overplus  is  discharged  by  a  spout  into  a  dram.  The 
fc«*  water  drawn  from  the  condenser  by  the  air-pump  is  delivered  into 
^aother  cistern,  termed  the  hot-water  cistern. 

These  parts  are  represented  in  fig.  174,  where  their  distribution  is  such  as 
to  eabibit  them  conveniently  without  taking  into  view  their  construction  in 
say  particular  engine,  as  their  form  and  relative  position  is  of  no  import- 
ance, and  is  arbitrarily  varied  as  the  different  builders  think  fit,  or  as  cou- 
^cnieiicy  or  circumstances  may  in  many  cases  require.  A  is  the  cylinder ; 
Bt^  condenser;  C  the  air-pump;  EE  the  cold-water  cistern;  F  the  cold- 
«al«r  pomp  for  supplying  the  same ;  SS  the  steam  pipe  from  the  boiler ; 
H  the  eduction  pipe  from  the  cylinder  to  the  condenser ;  00  the  hot-water 
tiitcm  ;  N  the  injection  cock  for  allowing  a  small  str(.»am  of  water  to  flow 
inlo  B;  l*  the  hot-waicr  pump,  which  forces  a  sufficiency  of  water  from  the 
rvl-w^cr  «>Kfn  through  the  pipc^  |u  kctp  uptlic  supply  in  the  boiler 
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itttzxt  pump  rods, fixed  to  the  beam  and  worked  by  its  motion;  ^ isa 
•action  pipe ;  and  m  the  foot-valve.  The  pipe  I  and  the  valve  V,  opening 
upwards,  are  for  the  purpose  of  permitting  tne  steam  to  pass  thrcmgh  to 
expel  the  atmosphere  from  the  condenser,  call^  a  blow-valve,  and  th^  by 
its  own  condensation  to  leave  a  vacuum  on  the  starting  of  the  engine. 

A  communication  is  made  from  the  condenser  by  a  pipe  to  the  upper  part 
of  a  tube  standing  in  a  basin  of  mercury.  The  amount  of  mercury  in  the 
tube  will  indicate  the  perfectness  of  the  vacuum  in  the  condenser,  bv  ex- 
hibiting the  height  at  which  it  is  supported  by  the  pressure  of  the  atmosphere. 
If  the  vacuum  is  perfect,  the  mercury  will  stand  from  28  to  3t  inches. 

The  only  difference  between  the  working  of  this  engine  and 
those  already  described  is,  that  the  pipe  HH^  instead  of  being 
an  injection  pipe  for  the  admission  of  cold  water  to  the  cylin* 
der^  merely  leads  off  the  steam  to  the  condenser  B,  therefore, 
when  condensation  is  to  be  effected,  the  cock  h  is  opened  to 
admit  the  steam  from  the  cylinder  into  B,  there  to  become 
condensed,  whilst  the  continued  action  of  the  pump  C  main- 
tains a  vacuum  in  B,  by  drawing  off  the  condensed  water  and 
the  air.  The  cold-water  pimip  F  keeps  up  an  abundant 
supply  in  the  cistern  £  E,  and  the  superplus  b  discharged  at 
W ;  dius  maintaining  a  depression  of  temperature  sufficient 
it)  procure  condensation  in  B. 

Such  was  the  importance  of  this  alteration  in  the  mode  of 
construction,  that  one  half  the  quantity  of  fuel  consumed  by 
an  engine  of  the  former  construction  was  saved.  Still,  how- 
ever, the  en^ne  was  not  complete ;  the  piston  was  required  to 
have  water  kept  upon  its  upper  surface  to  keep  it  air-tight,  and 
as  this,  in  the  descent,  cooled  the  cylinder  considerably,  it 
was,  as  is  evident  from  what  has  been  already  stated,  iiiien 
speaking  of  the  former  mode  of  injecting  cold  water,  pro- 
ductive of  a  loss,  to  which  Mr.  Watt  turned  his  serious 
attention,  and  eventually  succeeded  in  remedying  the  evil. 

The  next  construction  of  the  engine  is  what  is  now  called 
the  single  acting  engine,  and  as  the  improvement  con- 
sisted merely  in  the  cylinder,  a  diagram  of  that  will  be  sufficient 
to  make  it  clearly  understood.  Finding,  as  has  been  stated, 
the  disadvantages  attending  the  open-ended  cylinder,  Mr. 
Watt  conceived  the  idea  of  closing  the  top  of  the  cylinder, 
and  of  causing  the  piston-rod  to  work  through  a  close  collar 
stuffed  with  hemp  and  grease ;  and  instead  of  making  use  of 
water  to  procure  the  piston  working  air-tight,  of  using  oil  or 
fat  as  a  substitute  ;  and  instead  of  causing  it  to  descend  by  the 
pressure  of  tl\e  atmosphere,  of  employing  steam  of  an  ex* 
pausivc  force  equal  to  that  pressure. 

In  reference  to  fig.  175,  A  is  the  cylinder;  B  the  piston ;  CC  the  stuffinx- 
box  filled  with  hemp  moistened  with  tallow,  having  its  cap  screwed  firoalf 
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down  by  two  scnsws^  so  as  to  form  a  steam-tight  joint  round  the  piston-rod. 
The  pston-rod  being  turned  true  and  polished,  is  capable  of  working  up 
and  down  through  the  steam-tight  joint.    D  is  the  steam  pipe  leading  from 
the  boiler;  R  &  eduction  pipe  leading  to  the  condenser;  H  and  I  are  two 
tihes  Upon  the  rod  L,  which  passes  through  stuffing-boxes,  or  steam-tight 
joiots,  at  M  ».    While  raising  and  lowering  the  rod  L,  the  Talres  H  and  I 
open  or  close  their  respective  apertures  D  and  K.  ^  is  a  Talre  which  affordsy 
vben  open,  a  communication  between  the  top  and  bottom  of  the  cylinder 
thioogh  the  pipe  P  £,  and  from  thence  through  O.    Its  spindle,  which  is 
boUow,  wori^  in  a  steun-tight  collar  at  N,  and  bis  the  rod  L  passing 
.throng  it,  likewise  steam-tight,  in  such  a  manner,  that  the  rod  L,  with  its 
nlfcs,  may  be  moved  indei^ndent  of  the  valve  g,  or  the  valve  g  independ- 
ent of  die  rod  L.    If  the  valves  are  placed  as  represented,  I  and  H  open, 
and  g  shut,  and  the  steam  be  permitted  to  come  firom  the  boiler  through  D, 
it  will  mss  through  II,  and  enter  the  top  of  the  cylinder  at  P,  depressing  the 
piston  B  by  its  elastic  force,  whilst  the  lower  part  of  the  (nrlinder  is  open 
through  0  and  K  to  the  condenser.    When  the  piston  is  depressed  to  B^, 
the  rod  L  must  be  moved  downwards,  and  the  valves  H  and  I  closed,  and 
the  valve  g  opened^  that  the  steam,  by  its  elastic  force,  nuy  pass  through 
P  £  and  &e  valve  g,  and  act  equally  upon  the  lower  as  well  as  the  upper 
smikce  of  the  piston ;  the  piston,  therefore,  bein|f  in  an  unbiassed  state,  as 
regards  the  pressure,  will  again  be  raised  to  its  original  situation  by  the 
counterpoise  weights  acting  at  the  other  end  of  the  beam,  and  the  steam  will 
pass  from  above  to  below  the  piston.    When  it  has  arrived  at  that  place, 
the  valves  may  be  again  put  in  their,  first  position,  as  represented  in  Uie 
drawing,  when  that  at  I,  oeing  open,  affords  a  communication  through  O  K 
for  the  steam,  which  now  occupies  the  cylinder  below  the  piston,  to  pass  to 
thtcoodenser,  whilst  fresh  steam  forces  through  D  upon  tne  upper  surface 
of  the  piston  tantamount  to  the  pressure  of  the  atmospnere,  and  produces  an 
efiect  mUy  equal  to  thaX  obtained  firom  an  atmospheric  engine. 

In  the  engine  Just  described,  the  beam  was  drawn  down  by 
the  pressure  of  the  steam  upon  the  top  of  the  piston,  and 
when  the  steam  had  passed  into  the  condenser,  was  raised  by 
counterpoise  weights  pkced  at  its  further  end ;  by  which  it 
IS  man^est,  that  the  action  of  an  engine  of  this  construction 
must  be  somewhat  irregular,  for  whilst  the  piston  is  descend- 
ing the  steam  must  act  upon  it  to  an  amount  capable  of  raising 
the  counterpoise  weights,  and  of  likewise  doing  the  work  put 
tipon  it ;  but  when  uie  piston  is  rising,  the  actual  fall  of  the 
counterpoise  weights  is  the  only  amount  of  power  which  the 
engine  is  supplying,  and  from  which  is  to  be  deducted  the 
friction  and  weight  of  the  piston.  Such  engines,  therefore, 
when  a  continuous  and  equable  force  is  required,  are  not  so 
adnmtageous  as  those  where  the  rising  and  depressing  of  the 
piston  are  alike  performed  by  the  same  means  and  the  same 
extent  of  force.  This  desirable  end  was  accompUshed  by 
Mr.  Watt  in  the  construction  of  the  double-acting  engine, 
which  we  shall  next  notice,  in  contradistinction  to  the  one 
that  last  claimed  our  attention,  and  which  is  now  seldom  used 
br  any  other  purpose  than  that  of  pumping  water 
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The  double-acting  engine  is  formed  in  such  a  nmnnerthat 
whilst  the  steam  is  pressing  on  one  side  of  the  piston,  the 
cylinder  on  the  other  side  is  always  open  to  the  condenser, 
so  that  a  vacuimi  exists  on  the  opposite  side  to  that  on  which 
the  pressure  is  exerttjd.  This  effect  is  produced  by  sevenl 
modes  of  distributing  Tarious  pipes,  or  valves^  or  cocks.  The 
simplest  in  its  construction  is  the  four- way  cock. 

Rg.  1T6.  A  is  the  cylinder;  B  the  piston;  C  the  pipe  communtcatiBg 
^ith  the  boiler;  /ma  commuDiestion  widi  -(he  eopacP9cr ;  I R  tod  H g 
communicate  to  the  top  and  bottom  of  the  cylinder ;  C  and  D  are  two  di^^ 
ferent  passages  througn  the  plug  of  a  cock,  (the  plue  of  the  cock  is  shaded 
for  dbtinction,)  capable  of  beine  turned  by  means  of  its  handle  m*.  When 
the  cock  is  as  now  represented,  the  steam  from  C  passes  through  D  along 
H  and  g  to  beneath  the  piston,  whilst  there  will  be  a  dirvHit  communicatioo 
with  the  condenser  from  above  the  piston  through  K  I C*  F  IVl.  When  the 
cock  is  turned  in  the  position  as  represented  in  fig.  177,  both  these  com- 
munications will  be  inverted  by  the  different  dispositions  of  their  openings. 
The  opening  e  in  the  plug  will  then  afford  a  commumcatton  firom  the  steam 
pipe  C  to  I,  leading  to  the  upper  part  of  the  cylinder;  and  the  opening D 
will  permit  a  communication  from  H,  leading  from  ^e  lower  part  of  the 
cylinder  to  M,  the  eduction  pipe,  leading  to  the  condenser;  tfius  perfecting 
by  its  motion  the  different  changes  of  communication,  so  that  the  steam  is 
always  made  to  act  on  the  one  side  of  the  piston,  whilst  the  vacuum  is 
effected  on  the  other.  The  effect  on  the  piston  in  ascending  or  descending 
is  equal,  and  the  power  is  nrach  more  regular  and  convenient  for  applicalioo 
to  rotative  motion. 

In  the  single  and  the  double  engine  the  pressure  of  the 
atmosphere  is  not  used ;  but  the  direct  force  of  the  steam 
which,  in  the  old  engines^  went  to  expel  the  atmosphere^  and 
then  by  its  own  condensation  to  leave  a  vacuum^  is  first  re- 
sorted to^  and  its  condensation  leaves  a  vacuum  to  assist  the 
action  of  the  next  supply.  Consequently  the  single-acting 
engine  has  not  gainc^d  more  power  than  the  atmospheric 
engine  in  proportion  to  the  steam  used,  otherwise  than  by 
what  is  saved  through  keeping  the  cylinder  warm ;  and  the 
double-acting  engine  is  only  a  nu)de  of  using  the  steam  in  s 
more  continuous  and  imbroken  manner,  taking  just  twice  the 
quantity  of  steam,  and  exerting  twice  the  power  of  the  single- 
acting  engine. 

Other  modes  for  attaining  this  change  of  communicatios, 
so  as  to  produce  the  double  action,  are  adopted  as  circum- 
stances may  demand.  The  one  last  described,  called  the 
foiur-Way  cock,  was  foimd  not  to  answer  in  large  engines,  in- 
asmuch as  plugs  of  sufficient  dimensions  to  afford  steam- 
way  enough  caused  so  much  friction  in  their  collars,  that  it 
was  an  expenditure  of  considerable  power  to  turn  them ;  the 
method,  therefore,  most  usually  adopted  in  engines  of  Jaqp 
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(Emensions  is^  a  system  of  valves,  opcued  and  shut  at  tlie 
proper  periods  by  levers. 

The  iotenial  arrangement  of  such  a  system  is  shown  at  fig.  173,  where  C 
is  a  pipe  leading  from  the  boiler  for  the  conveyance  of  steam ;  and  D  K  a 
]Mpe  leading  to  L  the  condenser;  op,mnf  are  two  boxes,  eacli  divided  in- 
ternally into  three  compartments,  in  which  are  the  valves  efgh,  capable 
of  opening  npwards.  From  the  centre  compartment  in  each  of  the  boxes 
above  and  b^ow  there  is  a  communication,  at  a  and  6,  with  the  top  and 
bottom  of  the  cylinder.  The  steam  is  conveyed  along  the  pipe  C  into  the 
Dj^per  chamber  of  the  upper  box,  and  by  means  of  the  pipe  i  passes  through 
it  and  proceeds  to  the  upper  chamber  of  the  lower  box,  and  the  pipe  K  D 
affords  a  eommonication  from  each  of  the  lower  chambers  to  the  con- 
denser L. 

If  the  valve  h  be  opened,  there  will  be  a  communication  from  the  lower 

rt  of  the  cylinder  through  the  aperlure  h  and  pipe  K  into  the  condenser 
,  and  i(^  at  the  same  instant,  the  valve  e  be  opened,  the  steam  will  be  ad- 
mitted through  C  into  the  centre  chamber  of  the  upper  box,  and  through 
the  aperture  «  into  the  upper  part  of  the  cylinder ;  consequently  the  steam 
will  be  admitted  to  the  upper  part  ot  the  cylinder  while  the  lower  part  has 
commnnication  with  the  condenser,  and  the  piston  be  forced  downwards. 
If  these  valves  be  closed,  and  the  valves  g  f  opened,  the  steam  will  have 
access  through  C  >>  the  valve  g,  and  apertnre  6  y  to  the  lower  oart  of  the 
cylinder,  whilst  there  will  be  a  communication  from  the  top  of  the  cylinder 
through  the  aperture  a,  the  valve  /,  and  the  pipe  K  D,  to  the  condenser,  so 
that  the  piston  will  then  be  forced  upwards. 

This  mode  of  effecting  the  changes  of  communication, 
though  hy  no  means  so  simple  as  that  of  the  four-way 
cock,  has  an  advantage  over  it  that  gives  it  a  decided 
prcfereace.  For  as  the  movements  of  the  valves  are  inde- 
pendent of  each  other,  the  shutting  off  of  the  steam,  and  of 
the  comaiunication  with  the  condenser,  can,  if  desired,  be 
effected  at  different  periods,  so  that  the  steam  may  be  allowed 
to  act  upon  the  piston  only  during  one  half  of  the  stroke, 
which  was  discovered  by  Mr,  Watt  to  effect  a  saving  in 
steam.  Besides  this  advantage,  which  can,  if  required,  be 
effected  in  other  engines  by  simple  contrivances,  the  vake 
geer  is  superior  from  its  lightness,  when  compared  to 
slides  or  cocks,  adapted  to  large  engines. 

In  small  etigines,  these  advantages,  not  being  of  so  much 
importance,  are  more  than  counterbalanced  by  the  simplicity 
obtained  by  other  modes. 

The  first  that  we  shall  notice  was  invented  by  Mr.  Murray,  of  Leeds,  and 
is  represented  in  fig.  179,  where  a  section  of  this  apparatus,  termed  the 
lUdfi  valve,  is  shown.  A  is  the  steam  pipe  from  tne  boiler ;  B  6  B  B  a 
doie  chamber,  in  which  the  interior  chamber,  C  C,  is  capable  of  sliding 
upwards  zjoA  downwards  by  means  of  a  rod,  D  D,  which  passes  through  a 
steam-tight  box  at  E.  G  G  is  a  passage  from  the  chamber  B  B  B  B  to  the 
upper  ^it  of  the  cylinder ;  H  H  to  the  lower  part  of  the  cylinder ;  and  1 1 
to  the  condenser.  Now  when  the  chamber  C  U  is  placed  as  is  represented, 
il  is  pfarn,  that  file  steam  has  access  to  the  top  of  toe  cylinder,  and  that  a 
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comiaunication  exists  by  H  H  and  1 1  to  the  condeoset.  ^  moving  C  C 
upwards,  the  communicatioo  would  be  reversed,  that  is,  GG  from  the  top  of 
the  cylinder  would  communicate  by  1 1  to  the  condenser,  and  H  H  samh 
steam  into  the  lower  part  of  the  cylinder.  By  the  movement  of  CC  up- 
wards and  downwards,  the  alternating  effect  is  produced. 

Messrs.  Boulton  and  Watt  introduced  another  very  neat  and 
useful  mode  of  distributing  the  steam  in  small  engines,  deno- 
miuated  D  valves,  on  account  of  the  shape  they  present  when 
seen  in  atop  view. 

Fig.  180.  A  B  and  C  D  represent  the  two  D  valves  capable  of  moving 
upwards  and  downwards  by  means  of  the  spindle  £.  Their  faces  at  A  and 
C  are  made  to  fit  steam-tight  upon  the  inside  of  the  box,  and  the  back  part 
at  B  and  D,  as  shown  at  D\  is  semicircular,  to  admit  of  its  being  packed  with 
hemp  in  the  same  manner  as  the  piston.  G  and  U  are  communicatioQs  to 
the  top  and  bottom  of  the  cylinder ;  I  is  the  steam  way  in  the  boiler,  which, 
in  some  engines,  comes  from  the  jacket  of  the  cylinder ;  and  K  is  the  educ- 
tio;i  pipe,  which  carries  the  steam  to  the  condenser. 

Now  if  the  rod  £  be  moved  upwards  until  the  lower  sur&oe  of  A  B  is  above 
the  aperture  H,  the  lower  surface  of  C  D  will  be  above  the  aperture  G, 
consequently  the  steam  from  I  will  pass  into  the  cylinder  at  H,  and  the  steam 
from  the  cylinder  will  pass  through  G  and  N  K  into  the  condenser.  A^ain, 
if  the  upper  sur&ce,  A  B,  be  below  H,  C  D  will  be  below  G,  and  the  steam 
will  pass  through  the  aperture  O,  down  a  pipe  behind  M  K,  through  P, 
and,  by  means  of  G,  will  have  access  to  the  Dottom  of  the  cylinder,  whilst  a 
communication  will  be  effected  by  M  K  and  through  li,  from  the  top  of  the 
cylinder  with  the  condenser.  The  rod  £  passes  through  steam-tight  joints, 
at  top  and  bottom,  into  boxes. 

Fig.  1 8 1  represents  another  manner  of  forming  valves  upon  this  'prindple, 
in  which  a  flat  surface  is  introduced  at  the  back,  and  the  packing  is  effected 
by  having  the  faces,  backs,  and  sides  of  the  valves  made  of  brass,  and 
fitted  to  plates  of  the  same  material,  which  can  be  screwed  against  the 
▼alves  as  they  wear.  The  slides  or  moving  parts  are  shadowed.  The  po- 
sition in  which  they  now  are  will  admit  the  steam  to  pass  from  I  through 
11,  and  the  condensation  to  be  efiiected  by  passing  from  G  through  N  to  K; 
but  if  the  slides  be  moved  downwards  until  the  aperture  C  is  opposite  G, 
the  upper  slide  will  be  below  H,  and  the  steam  will  pass  througti  P  into 
the  cylinder  by  means  of  G,  and  exhaustion  will  take  place  from  fi  through 
MtoK. 

Fig.  t82  is  a  combination  of  what  are  called  concentric  valves.  Their 
distribution  is  exactly  sjmilar  to  those  already  explained.  The  spindles  CC 
of  the  lower  valves,  in  both  the  top  and  bottom  boxes,  pass  through  the 
spindles  of  the  upper  valves,  which  are  pipes.  This  mode  of  constructioe 
the  valves  was  invented  by  Mr.  Murray.  They  are  capable  of  being  moved 
in  many  ways ;  but  the  one  most  generally  adopted  is  represent^i  in  the 
figure,  where  the  rods  d  e,  attachal  to  the  cross-levers  that  move  on  the 
centres  G  G  G  G,  act  upon  the  valves.  Thus  the  rod  e,  by  moving  down- 
wards, will  raise  the  solid  or  the  lower  spindle  ralve  of  the  lower  box,  which 
opens  to  the  condenser,  and  the  hoUow  spindle  the  upper  valve  of  the  upper 
box,  which  admits  steam  to  the  top  of  the  cylinder,  while  the  rod  if  ads 
opon  the  other  two,  and  changes  the  course  of  the  steam  and  exhaustion,  as 
before  shown. 

Conceiving  that  we  have  sufficiently  expluned  the  several 
modes  of  guiding  the  immediate  power  of  steam^  we  shall  in 
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the  next  place  proceed  to  examine  into  the  construction  of 
the  piston. 

A  section  of  the  piston  most  commonly  used  in  condensing  engines  is  ex* 
Ittbited  in  fig.  183.  The  lower  &ce  of  the  piston  is  fixed  to  the  rod  dd,  and 
the  upper  bee  is  capable  of  being  raised  up  upon  the  rod  d.  Hemp 
■Misuoed  wkh  tallow,  called  packing,  is  introducea  round  the  interstice  at 
C  Ey  whidi,  when  the  upper  plate  D  D  is  screwed  down  by  the  screw  at 
EE,  is  forced  outwvds  against  the  sides  of  the  cylinder,  so  as  to  render  it 
perfectly  steam-tight.  As  it  wears  by  the  friction  against  the  cylinder 
more  must  be  forc«l  out  by  tightening  the  screws;  and  when  entirely  worn; 
theplate  dd  mu^  be  raised  and  the  piston  fresh  packed. 

Tiiis  construction  of  the  piston  answers  perfectly  for  condensing  engines ; 
bot  in  high-pressure  engines  the  hemp  is  destroyed  so  rapidly  by  the  heat 
tnd  friction,  that  pistons  formed  entirely  of  metal  hare  been  intro<hiced  with 
adtantage. 

The  top  Tiew  of  one  kind  of  metallic  piston  is  represented  at  fig.  184. 
AA  AA  baringofbrass  divided  into  four  equal  aisconuected  portions, 
resting  upon  the  plate  B  B,  which  is  affixed  to  the  piston-rod  d  dy  as  seen  in 
%  185  ;  the  portions  of  the  ring  are  forced  outwards  against  the  sides  of 
the  cylinder  bj  springs  of  any  convenient  form  pressing  from  the  piston-rod 
D.  A',  in  %.  186,  represents  a  side  view  oi  a  similar  ring,  similarly 
divided.  Its  portions  are  placed  upon  the  ring  last  described,  so  that  the 
diriiions  fidl  upon  the  centres  of  the  other  four  pieces,  and  are  forced 
against  the  sides  of  the  cylinder  in  like  manner  by  springs,  and  the  plate  C  C 
is  placed  over  the  whole.  The  upper  and  lower  sides  of  the  plate  and  rings 
are  all  carefully  ground,  so  as  to  fit  steam-tight.  This  form  of  piston, 
though  it  has,  in  some  cases,  been  used  for  a  considerable  time  with  advan- 
tage, is,  upon  the  whole,  defective,  as  the  rings  near  the  interstices  between 
the  segments,  must  open  and  allow  the  steam  to  ^n  access  to  the  interior 
where  the  springs  lie,  and  from  thence,  through  similar  interstices,  to  the 
other  side  Of  the  piston. 

A  metallic  piston  of  a  better  construction  is  shown  at  fig.  186,  consisting 
of  six  pieces  of  brass  of  the  forms  represented  in  the  figure,  by  A  BC  D  E  P. 
ABC  are  circular,  and  are  made  to  fit  the  inside  of  the  cylinder, 
against  which  they  are  forced  by  tjie  wedge  pieces  D  E  F,  which  have 
springs  behind  them.  When  ABC  wear  so  as  to  divide  at  the  angles,  the 
wedge  pieces  protrude  themselves  against  the  cylinder,  keeping  the  space 
always  filled.  These  pistons  have,  in  some  cases,  been  used  for  many  years 
without  requiring  alteration. 

Having  now  dnly  considered  the  construction  of  the  cylin- 
der, or  seat  of  motion,  and  the  means  of  distributing  the 
operative  power  so  as  to  produce  a  reverting  rectilinear 
action,  we  shall  next  proceed  to  exhibit  the  manner  in  which 
diis  action  is  transferred,  so  as  to  maintain  its  continuance. 

The  movement  of  a  four-way  cock  may  be  accomplished  by  a  phig-tree, 
whidi  is  a  perpendicular  rod  attached  to  the  beam  of  the  engine  as  repre- 
sented in  %.  187.  O  P  are  two  studs  or  pins  placed  at  such  a  distance 
frooi  each  other,  that  the  upper  one,  O,  shall  force  the  handle  N  to  the 
sitoation  of  N*,  just  as  the  piston  shall  have  reached  the  lower  part  of  the 
cylinder,  and  the  pin  P  is  so  placed  that  it  shall  carry  the  handle  to  its 
«>riginal  situation  at  the  time  wnen  the  piston  is  again  to  change  its  diree- 
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tSou.  But  the  plug-tree  is  bow  seldom  vised  in  engines  thai  have  a  roUtife 
motion;  and  where  there  is  no  rotative  motion,  the  engines  arc  mos% 
single  action,  and  are  applied  only  to  the  puq)ose  of  pumping,  in  wbidi 
the  power  is  only  required  to  be  exerted  whilst  the  piston  is  descending. 

In  euj^nes  for  turning  mill-worlc,  where  a  rotatory  motion 
exists,  the  acti(Mi  is  given  to  the  spindle  ralves,  sliding 
valves,  or  whatever  apparatus  is  used  for  the  same  object,  by 
means  of  a  rod  workuig  fiN>m  the  axiff  of  the  fly-wheel  by  an 
eccentric  motion. 

In  fig.  188,  the  small  circle  is  supposed  to  be  a  section  of  the  fly-wheel 
shaft,  and  B  9  circular  piece  on  the  shaft,  round  whidi  the  clips,  or  semi- 
circular pieces,  CC,  are  listened,  so  that  B  can  turn  on  them,  therefore 
when  the  revoUing  of  the  shaft  A  carries  B  to  the  situation  of  the  dotted 
circle  BV  it  is  plain  that  it  will  have  forced  the  rod  in  an  horizontal  direc- 
tion the  distance  from  the  centre  of  A  to  B*,  and  when  in  the  course  of  its 
revolution  it  shall  have  brought  B  to  the  situation  B«,  it  will  have  moved  it 
a  similar  distance  in  a  contrary  direction,  consequently  the  total  amoont  of 
the  horizontal  motion  thus  communicated  to  the  rod  DEE  will  be  the  amoont 
of  the  distance  from  B'  to  B«.  The  horizontal  is  converted  intq  a  perpen- 
dicular motion  by  the  crank  kg  i  raising  and  lowering  the  rod  K,  upon 
which  the  slide  box  or  D  valves  is  fixed. 

The  method  for  moving  the  rods  of  concentric  valves  is  represented  in  fig. 
162*.  E  is  the  rod  from  the  eccentric  motion,  which,  by  its  backward  and 
forward  motion,  moves  the  ends //of  a  T  piece,  fiistened  on  the  centre  C, 
md  causes  them  to  move  alternately  upwards  and  downwards,  opening 
and  shutting  each  pair  of  valves  as  before  described. 
.  Fig.  190  represents  a  mode,  appUcable  to  large  engines,  of  moving  either 
D  valves  or  slides  from  an  eccentric.  A  B  is  an  iron  plate,  capable  of 
vibrating  upon  its  centre  H ;  F  is  a  rod  from  the  eccentric,  moving  the  weight 
C  upon  a  roller  over  the  surface  of  A  B.  The  latch  pieces  D  D*  move  upon 
two  pins,  and  are  prevented  fiatllins  forwards  by  the  stops  M  N.  llie  rod 
of  the  valves,  shown  at  e,  is  attached  by  the  lever  P  H  to  the  shaft  from  the 
centre  H.  The  two  stops,  I  and  G,  support  A  B  in  the  two  positions  shown, 
the  one  in  the  view,  the  other  by  (he  dotted  lines.  When  the  rod  F  moves, 
it  carries  C  towards  A  by  the  eccentric  motion,  and  C,  acting  on  the  same, 
raises  tlie  latch  O,  and  permits  the  end  A  of  A  B  to  ^1,  whilst  the  end  B, 
in  rising,  latches  itself  at  D^,  shown  in  the  dotted  representation  of  A  B.  Bjf 
this  motion  H  P,  on  the  same  axis  U,  is  moved  dowovrards,  carrying 
with  it  the  rod  B  tittached  to  the  slides;  and  the  motion  ofC,  inftantly 
.changing  towards  F,  acts  upon  the  other  latch  D\  and  places  the  slides  in  j 
their  former  position. 

As  the  beam  of  all  engines  vibrates  upon  a  centre,  of 
eourse  it  perfonnS  portionsi^  a  circle  with  each  of  its  extreini* 
ties;  and  as  the  rod  of  the  piston  is  required  to  move  up  and 
down  in  a  straight  Ime,  it  cannot  be  attached  to  the  end  d 
the  beam.  In  smgle  engines  of  the  old  construction,  where 
the  action  was  a  pull  at  both  ends  of  the  beam,  (at  the  one 
end  by  the  weight  of  the  pump-rod,  and  at  the  other  by  tbe 
«bwn  stroke  of  the  pisto^)  a  chain  was  affixed  to  the  upper 
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firldfeadiof  thecfturedaidfiof  Uiebeam^and  tothe  pump 
and  {Hston  rods,  as  represented  in  fig.  IJO,  which  answered 
thereqmred  purpose;  but  in  double-acting  engines,  where 
Ibe  piston-rod  fo£ces  upwards  as  well  as  PuUS)  some  other 
mode  of  conTertinff  the  action  is  required,  ihe  most  perfect 
jet  introduced  is  ue  parallel  motion,  the  principle  of  which 
may  be  comprehended  by  refenriog  to  &g.  191. 

Soppote  A  B  to  fcpraent  one  end  of  a  beuir  ▼ibrating  on  its  centre  at 
A,  tbe  other  eod  B  will  perform  the  arc  C  C\  and  carry  whatever  i» 
attached  to  it  in  the  direction  of  that  arc;  then  suppose  another  rod,  G  H, 
of  equal  length  to  A  B,  vibrating  on  its  centre  G,  the  nohit  in  the  connect* 
ng  piece,  L II,  will,  by  the  yibratioiis  of  A  B  and  H  G,  more  upwards  and 
dowawards  in  a  perpendicular  line.  For  so  much  as  the  curve  from  the 
ndias  A  B  draws  it  towutls  A,  so  much  will  the  curve  of  the  radius  H  G 
dmr  it  towards  G,  and  the  movements,  correcting  each  other,  will  cause  I 
to  rise  and  (all  in  a  perpendicular  line. 

A  more  simple  mode,  whidi  answers  very  well  in  small  angtaes,  is  repra^ 
Nirtedin  fig.  192.    The  sling  piece  attached  to  the  end  of  the  beam  has  a 

Cir  of  rollers,  one  on  eadi  side,  which  press  on  each  side  of  the  guiding 
n  D  D  D  Dy  and  carry  the  piston,  attached  at  C,  in  a  perpendicular 
fine. 

AD  steam-^oglnes  are  proportioDed  to  go  at  a  settled 
rate,  and  to  make  a  certain  number  of  strokes  of  the  piston 
per  minute,  which,  reckoning  tbe  number  of  feet  the  piston 
torels  in  its  upward  and  diownwsrd  motbn  in  the  cinder, 
has  been  by  general  agreemeot  settled  at  900  to  230  feet 
per  minute. 

To  obtain  this  negularity  of  action,  it  is  manifest  that  a 
r^ularity  must  be  obtained  in  tbe  amount  of  power  that  is  to 
produce  tbe  morement ;  or,  in  other  words,  a  rqpilar  amount 
of  ehstic  force  must  be  exerted  at  eacb  strdce  of  the  piston* 
lliis  is  somewhat  difficult  to  accomplish,  and  depends  much 
upon  keeping  the  five,  whidi  generates  tiie  steam,  of  a  uni- 
mrn  heat ;  consequently  the  care  of  the  fire  shoidd  ondv^  be 
intrusted  to  one  who  is  well  skilled  in  his  business.  Tnere 
are,  however,  contrivances,  called  governors,  which  greatly 
assist  in  muntaining  a  regular  action,  and  where  very  great 
nioety  is  not  required,  they  produce  it  to  a  sufficient  extent. 

Hbe  governor  (idiich  we  have  already  described  under  the 
aitkie  **  On  the  Emalization  tf  Mohan,''  m  Mill-geerintf) 
acts  upon  Ae  principle  of  centrifugal  force,  and  is  applicaUe 
oiriy  to  engines  that  have  a  rotative  motion. 

The  mode  of  applying  the  governor  is  by  connecting  it  by 
means  of  levers  to  a  throttle  valve,  shown  in  fig.  193.  A  B 
repieseniB  a  section  of  the  fKpe  Hmt  conveys  the  steam  from 
the  bdler,  having  a  small  circular  fian  of  iron,  capable  of  being 
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turned  sa  as  to  be  paralld  with  the  line  of  the  pipe,  or 
of  lying  across  it  in  snch  a  manner  as  to  stop  the  com- 
munication. 

The  goremor  is  placed  at  any  convenient  part  of  the  engine, 
upon  an  upright  spindle,  and  is  driven  either  by  a  band  or  by 
bevil-\i^eel8,  from  the  fly-wheel  shaft.  When  the  fly-wheel 
increases  or  decreases  in  velocity  it  transmits  the  same  to  the 
governor,  and  causes  the  balls  to  fly  from,  or  approach  nearar 
to,  each  other ;  and  the  lever  affixed  to  the  coHar  of  the 
governor  turns  the  handle  C  of  the  throttle  valve,  which 
regulates  the  supply  of  steam,  and  produces  regular  motion. 

In  single-acting  engines,  which  do  not  create  rotative 
motion,  this  sort  of  governor  cannnot  be  applied,  nor  is  it  de- 
cidedly adapted  to  the  sort  of  regulation  they  want ;  for  as 
they  act  only  one  way,  and  die  steam  being  entirely  shut  off  at 
the  end  of  every  stroke,  it  is  a  regulation  of  the  amount  of 
power  to  be  exerted  at  every  interval  which,  is  sought,  rather 
than  a  continuous  equable  supply  of  steam. 

This  sort  is  most  wanted  in  engines  that  supply  towns  with 
water,  as  when  the  different  districts  are  being  supplied,  the 
diversity  of  their  magnitude  and  situation  causes  a  consider- 
able variation  in  the  burden  thrown  upon  the  engine,  h 
engines  used  for  this  purpose  there  are  two  pieces  of  wood, 
called  spring-beams,  placed  across  each  end  of  the  beam, 
which,  when  the  burden  is  lightened,  and  the  engine  makes 
too  long  a  stroke,  strike,  as  they  descend,  the  upper  floor  of 
the  engine-house  and  ring  a  bell,  to  warn  the  attendant  that 
steam  must  be  shut  off  earlier,  or  that  the  upper  tapit  of  tlie 
plug-tree  must  be  moved  downwards.  In  engines  of  recent 
construction,  the  ^ring-beams  are  made  to  strike  a  lever, 
which  either^  shuts  off  the  steam  entirely,  or  opens  a  cock  that 
admits  it  into  the  cylinder :  in  either  case  the  movement  of 
tfie  engine  ceases. 

The  regulation  of  the  plug-tree  tapit  is  obtained  by  intro- 
ducing a  pipe  from  the  water  in  the  air-vessel  to  a  small  cylm- 
der,  having  a  working  piston.  The  water  from  the  air-vessel 
forces  against  the  under  side  of  the  jpiston  and  raises  it  and  its 
rod,  and  by  that  motion  the  tapit  ot  the  fdugrtree  is  raised  or 
lowered  as  is  required.  This  mode,  from  error  in  construc- 
tion, or  otherwise,  has  mostly  proved  inefficient  when  the 
burden  of  the  engine  is  liable  to  great  and  rapid  fluctua- 
tions. 

Such  is  the  general  construction  of  engines  now  in  use: 
but  there  are  many  ingenious  contrivances  in  boilers  which 
require  special  notice. 
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Fi^.  194  vepfesents  a  boiler  fitted  up  with  all  the  appendages  now 
generally  apphed,  and  set  in  a  furnace  of  a  proper  construction.  Part  of 
the  liimace  is  shown  in  a  sectional  view.  B  B  B  B  the  boiler,  the  operation 
of  which  has  been  described.  C,  the  steam-gaage,  represented  at  large  in 
ig.  195.  Its  obiect  is  to  ascertain  the  pressure  acting  in  the  boiler.  It  is 
fooBgd  of  a  bent  iron  tube,  at  one  end  A  communicating  with  the  boiler, 
and  at  the  other  end  B  open  to  the  atmosphere.  The  tube  is  filled  up  to 
C  and  D  with  mercury,  and  has  a  thin  piece  of  stick,  £,  placed  in  the  leg 
B,  which  floats  perpendicularly  in  the  mercury  at  D.  To  the  leg  B  is 
awiendwi  a  flat  piece  of  brass,  divided  into  inches,  and  numbered  upwards, 
to  form  a  scale.  The  stick  is  made  of  such  length  that  the  top  of  it  shall  be 
«ven  with-die  first  mark  on  the  scale. 

If  the  fiteam  in  the  boiler  presses  against  the  mercury  at 

Cy  and  raises  the  surface,  D,  one  inch,  (which  will  be  indicated 

by  the  end  of  the  stick  rising  to  1  upon  the  scale,)  it  proves 

that  there  is  one  half  pound  pressing  per  square  inch  against 

the  internal  surfiEure  of  the  boiler,  tending  to  burst  it;  for  if 

the  section  of  the  bore  of  the  pipe  was  just  one  superficial 

inch  the  pressure  would  be  supporting  one  cubic  inch  of 

mercury,    which   will    be    found    to    weigh    near  half  a 

pound;    therefore    for  every  two  inches  rise,  one  pound 

pressure    may  be  reckoned,    and    as    condensing    engines 

seldom  work  with  more  than  three  or  four  pounds  pressure 

upon  the  inch,  the  scale  need  not  be  longer  than  eight  or 

nine  iucbes. 

O  is  a  strong  iron  plate,  covering  a  circular  or  oval  hole  of  about  18 
uKbes  diameter,  to  aaroit  a  man  into  the  boiler  with  a  yiew  to  clean  or 
examine  it. 

I>  is  the  steam  pipe,  containinff  the  throttle  ralve  E,  to  which  the  rod 
horn  the  goremor  is  connected.  F  F  are  gauge  cocks.  1 1  is  a  feed  pipe 
whidi  passes  into  the  boiler  and  reaches  very  near  to  the  bottom.  JI H  HH 
the  cistern,  on  the  top  of  the  feed  pipe ;  1 1  is  a  float,  formed  of  stone,  and 
baknoed  so  as  to  remain  always  on  the  surface  of  the  water  in  the  boiler. 
By  the  laisiiw  and  fadling  of  the  water  the  float  acts  upon  the  le?er  K  K^ 
by  tbe  wire  P,  which  passes  tliroueh  a  steam-tight  joint  at  P,  and  as  the 
wner  sinks,  draws  down  the  end  K,  which  raises  K^^  and  the  valve  M 
attached  to  it  S^  this  contrivance  when  the  boiler  requires  a  fresh  supply 
of  wster  the  valve  M  opens  and  supplies  it  from  the  cistern  H  H  H  H. 

The  feed  pipe  T I  is  made  to  4x>ntain  a  column  of  water  equal  to  the 
»%irHn*  of  pressure  exerted  by  the  steam  in  the  boiler,  which  we  have 
alreadj  stated  should  not  exceed  the  supporting  of  eight  inches  of  mercury. 
As  one  inch  of  mercury  being  equal  in  weight  to  about  13}  inches  of  water, 
^  pipe  should  be  about  nine  feet  high  from  the  surface  of  the  water  when 
tbe  Dc^cr  is  supplied ;  and  the  water  in  the  feed  pipe  should  stand  about 
1b«e  fiset  whentne  pressure  b  six  inches  of  mercuiy,  or  three  pounds  to  the 
«{aaie  inch  of  surface. 

The  feed  pipe  contains  likewise  an  iron  bucket  weight  O,  hung  by  a  chain 
that  passes  over  two  ptiUies,  PP ;  to  the  other  end  of  the  chain  is  attached 
a  ibect  of  ireo  called  a  damper.  When  the  steam  in  the  boiler  is  urged  to 
<ioo  great  an  extent,  it  forces  the  w^l^r  in  the  feed  pipe;  upward^  and  raises 
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the  iron  bQfik«t  weight  O,  which  loweit  the  damper  into  the  iee  of  Iht 
chimney,  and  checks  the  force  of  the  fire. 

S  is  a  safety  valve,  loaded  with  a  detenainate  weighty  and  of  audi  a 
dimension  in  the  bore,  as  will  reliere  the  boiler  of  its  prtaaure  shoirid  il 
arrive  beyond  a  certain  temperatore.  ItiaendoeedinadneytoprevwttiM 
engine  tender  having  access  to  it,  as  some  engine  tenders  have  beei^  kasm 
to  load  the  safety  valves,  to  save  themselves  the  trouble  of  attending  lo  thi 
fire  with  that  diligence  which  is  necessary,  and  by  which  th^  have  enduH 
gcred  theit  own  lives  as  well  as  the  Uves  of  othen. 

A  pipe  proceeds  from  this  case  to  the  diimney,  to  carry  whatever  sUm 
nay  escape  into  the  fine  of  the  chimmnf. 

There  is  very  frequently  another  safety  valve,  which  is  open  to  the  view 
of  the  engine  tender,  to  indicate  when  the  fire  is  too  high. 

XT  is  a  flue  formed  of  sheet  iron,  and  passing  lengthwise  through  the 
centre  of  the  boiler  so  near  to  the  bottom  that  it  is  always  covered  vrith  water. 

The  flame  and  smoke  from  the  fire  at  n  n  passes  first  under  the  boiler^ 
and  then  immediately  returns  back  through  this  flue,  then  dividing  itself 
passes  through  flues  which  lead  it  on  both  sides  the  boiler  to  the  diiraney. 

V  is  a  oock  for  the  purpoee  of  emptying  the  boiler  when  required  to  be 
xleaned  or  repaired. 

Such  is  the  construction  and  general  arrangement  of  the 
parts  of  Messrs.  Boulton  and  Watt's  engines  both  single  and 
reciprocating.  We  shall  now  proceed  in  the  examination  of 
some  other  forms  of  engines  which  likewise  condense  their 
steam. 

Mr.  Homblower^  conceiving  he  could  obtain  greater  power 
from  the  complicated  force  of  steam  acting  in  two  cylinden, 
obtained  a  patent,  in  1781,  for  that  object.  His  own  account, 
taken  from  the  specification,  we  here  transcribe. 

♦'  First,"  says  Mr.  H.,  **  I  use  two  vessels,  in  which  the 
fteam  is  to  act,  and  which  in  other  engines  are  called 
cylinders.  Secondly,  I  employ  the  steam  luter  it  has  acted 
in  the  first  vessel  to  operate  a  second  time  in  the  other,  bj 
permitting  it  to  ezpana  itself,  which  I  do  by  connecting  the 
vessels  together,  and  forming  proper  channels  and  aperture^ 
whereby  me  steam  shall  occasionally  go  in  and  out  of  tiie  said 
vessels.  Thirdly,  I  condense  the  steam,  by  causing  it  to 
pass  in  contact  with  metalline  surfaces,  wldle  water  b  applied 
to  the  (^posite  aide.  Fourthly,  to  discharge  the  enguie  of 
the  water  used  to  condense  the  steam,  I  suspend  a  colimm 
of  water  in  a  tube  or  vessel  constructed  for  that  pmpose,  on 
the  principles  of  the  barometer,  the  upper  end  having  apea 
communication  with  the  steam  vessels,  and  the  lower  end 
being  immersed  in  a  vessel  of  water.  Fifthly,  to  dischaife 
the  air  which  enters  the  steam  vessels  with  the  condenatBg 
water  or  otherwise,  I  introduce  it  into  a  separate  vessel, 
whence  it  is  protruded  by  the  admission  of  steam.  SiztU)> 
HmX  thi  coi^nsed  vapour  shall  not  remain  in  th^ 
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resfld  in  wfatch  the  Bteftm  is  condensed)  I  collect  it  into 
fliuitlier  vessel,  which  has  open  communication  with  the  steam 
Tesaeb  and  the  water  in  the  mine,  reservoir,  or  river, 

^^Lafitly,  in  cases  where  the  atmos^ere  is  to  be  employed 
to  act  on  the  pistoti,  I  vse  a  piston,  so  constiiicted  as  to 
adnut  steam  round  hs  periphery,  and  in  contact  with  the 
odes  of  the  steam  vessel,  thereby  to  prevent  the  external  air 
from  passing  in  between  the  piston  and  the  sides  of  the 
iteam  vessel/' 

llie  fbOowing  is  a  description  of  this,  engine  by  the  inventor :  '<  Lei  A  and 
fi,  fig.  196,  r^resent  two  cylinders,  of  which  A  is  ^  lai^gest;  a  piston 
mofes  in  each,  having  their  rods,  C  amd  D,  moving  through  collars  at  £ 
tnd  F.  These  cylin^rs  may  be  supplied  with  steam  from  the  boiler  by 
oieios  of  a  square  pipe  G,  which  has  a  fiandi  to  connect  it  vnth  the  rest  of 
fhe  fteam  pipe.  Tjus  square  part  is  represented  as  branching  off  to  both 
cyfindeis:  e  and  d  are  two  cocks,  which  have  handles  and  tumblers  as 
usual,  worked  by  the  plug-beam  W.  On  the  fore  side  of  the  cylinders 
(that  is,  the  side  next  the  eye)  is  represented  another  communicating  pipe, 
whose  section  is  also  square,  or  rectangular,  having  also  two  cocks,  a,  b* 
The  pipe  T,  immediately  under  tiie  cock  b,  estaUishes  a  communicatioc 
between  the  upper  and  lower  parts  of  the  small  cylinder  B,  by  opening  the 
oock(.  There  is  a  similar  pipe  on  the  other  side  of  the  cylinder  A,  imme* 
dialdv  under  the  code  d. 

^  When  iStte  cocks  e  and  a  are  open,  and  the  cocks  b  and  d  are  shut,  the 
steam  from  the  boiler  has  fi«e  admission  into  the  upper  part  of  the  small 
cylinder  B ;  and  die  steam  from  dte  lower  part  or  B  has  free  admission 
into  the  upper  part  of  the  great  cylinder  A ;  but  the  upper  pait  of  each 
cjlindtr  has  no  commimication  with  its  k^er  part. 

^  From  the  bottom  of  the  great  cylinder  proceeds  the  eduction  pipe  K, 
having  a  valve  at  its  opening  into  the  cylinder;  it  then  bends  downward, 
a»d  is  connected  with  tne  conical  condenser  L.  The  condenser  is  i^xed  on 
ahotiow  box  M,  on  which  statid  the  pnmps  N  and  O,  for  eitracting  the  air 
SMi  water,  which  kisC  raos  akmg  the  trough  T,  into  a  cistern  U,  from  which 
it  m  nmed  by  the  ptimp  V,  for  reciuiting  the  boiler,  being  already  nearly 
boOing  hot.  Inun^iately  under  the  condenser  there  is  a  spigot  valve  at 
S,  over  which  is  a  small  jet  pipe,  reaching  to  the  bend  of  the  eduction  pipjfe 
K.  Hie  whole  of  the  conaensing  apparatus  is  contained  in  a  cistern,  U, 
of  oid  water ;  a  imall  i^pe,  P,  cotnes  from  the  side  of  the  condenser,  and 
^tnuMtet  OB  tfa«  bottom  of  the  trough  T,  and  is  there  covered  with  a  valv^ 
Q,  i^iidi  is  kept  tight  by  the  water  that  is  always  running  over  it. 

**  Lastly,  the  pump-roas,  II,  cause  the  outer  end  of  the  beam  to  preponderate, 
90  that  the  quiescent  position  of  the  beam  is  that  represetited  m  the  figure, 
^  pisloM  being  at  lie  top  of  the  cylindetv. 

'^Suppose  aH  the  cocJts  open,  and  steam  coming  in  copiously  from  the 
hoiler,  and  no  condensation  going  on  in  L,  the  steam  must  drive  out  all 
^  uc,  and  at  last  kWcm  it  through  the  valve  Q.  Now  shut  the  cocks  b 
^  d,  and  open  the  valve  S  of  the  condenser ;  the  condensation  will 
^WMdiately  comrnence,  and  dr&w  off  the  steam  from  the  low«r  part  of  the 
9^  Ofhoder.  There  is  now  no  pressure  on  the  under  side  of^  the  piston 
of  the  great  cylinder  A,  and  it  immediately  descends.  The  communication, 
Y,  between  the  lower  part  of  the  small  cylinder,  B,  and  the  upper  part  of 
Ihe  great  cylinder,  A,  being  open,  the  steam  will  go  from  the  lower  part  of 
B  bto  the  space  left  by  the  descent  of  the  piston  of  A.    It  must,  thmfoft. 
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exp«Ddy  and  its  elasticity  must  dimii^,  and  will  no  longer  balance  the 
pressure  of  the  steam  coming  from  the  boiler,  and  pressing  above  the  piston 
ofB. 

^  This  piston,  therefore,  if  not  withheld  by  the  beam,  would  descend  till  it 
came  in  equilibziu,  from  having  steam  of  equal  density  above  and  bcHow  it 
But  it  cannot  descend  so  fast ;  for  the  cylinder  A  is  Larger  than  B,  sM  the 
arch  of  the  beam,  at  which  the  great  piston  is  suspended,  is  no  long^  than 
the  arm  which  supports  the  piston  <yf  B;  therefore,  when  the  piston  of  B 
has  descended  as  far  as  the  beam  will  permit  it,  the  steam  between  the  two 
l^stons  occupies  a  larger  space  than  tt  did  when  both  pistons  were  at  the 
top  of  their  cylinders,  and  its  density  diminishes  as  its  bulk  increases^  The 
steam  beneath  the  small  piston  ib,  therefore,  not  a  balance  for  the  steam  on 
the  upper  side  of  the  same,  and  the  pistou  B  will  act  to  depress  the  beam 
with  aU  the  difference  of  these  pressures.     .  . 

"  The  slightest  tiew  of  the  subject  must  show  fhe-reader^^hatas.tlie  fustons 
descend,  the  steam  that  is  between  them  will  gtow  coitinitally  rar^r  and  leu 
elastic,  and  that ,  both  pistons  will  draw  the  Warn  4ownward9.  Si^)po8e 
now,  that  each  one  had  reached  the  bottom  of  Its  cylinder,  shut  t)ie  codt  a, 
and  the  eduction,  valve  at  the  bottom  of  A,  and  open  the  cocks  fiandi. 
The  communication  being. now  established  between. the  upper  and  lower 
part  of  each  cylinder,  their  pistoi^  will  be  pressed  equally  on  the  upper 
and  lower  surfaces;  in  this  situation  nothing,  thererore,~htnders  the  counter- 
weight  from  raising  the  pistons  to  the  top» 

**  Suppose  them  arrived  at  the  top  :  the  cylinder  B  is  at  this  time  filled 
with  steam  of  the  ordinary  density,  and  the  cylinder  A  with  an  equal 
absolute  quantity  of  steam,  but  expanded  into  a  larger  space.  Shut  the 
cocks  b  and  d,  and  open  the  cock  a,  and  the  eduction  valve  at  the  bottom  of 
A,  the  condensation  will  again  operate,  and  cause  the  pistons  to  descend ; 
and  thus  the  operation  may  be  repeated  as  long  as  steam  is  supplied;  and 
once  full  of  the  €yltnde^Bof  oniinary  steam^  is  expended  ouring  each 
working  stroke/* 

The  cocks  of  this  engme  are  composed  of  two  fiat  circular 
plates,  ground  very  true  to  each  other,  and  one  of  them  turns 
round  on  a  pin  through  their  centres :  each  is*  pierced  wit}^. 
three  sectorial  apertures,  exactly  corrcapo^diny-  tt^  emA" 
other,  and  occupying  a  little  less  than  one  half  of  their  auifaces. 
By  turning  the  movable  plate  so  that ;  the  apertures  cbiocide^ 
a  large  passage  is  opened  for  the  steahi ;  and  by  turning  it  so 
that  the  solid  jpkrt  of  tUe  one  covets  the  aperture  df  th< 
other,  the  cock  is  shut,  ^uch  regiJatorg  are-now  ^irefy  tpm- 
mon  in  the  cast-iron  stoves  for  warimng  rooms.  Mn  ttom^ 
blower's  contrivance  for  making  the!  collars  for  the^  pistcai 
rods  air-tigbt  is  thus :  the  collar  is  m  &ct  two,  pla^4  ^  ^ 
small  distance  from  each  other,  and  i  small  pipe,  bmn^bing 
off  from  the  steam  pipe,  communicate^^fi4th  the  ^pmsel^etjireeft 
the  collars.  This  steam,  being  a  little  stronger  thai^  Ite' 
pressure  of  the  atmosphere,  effectually  prevents  the  aor  from 
penetrating  timraglnlie^upper  collaif;  and  though  'a  little 
steam  should  get  through  the  lowqr  collar  into  the  cjyUndcr 
Aj  it  can  do  m>  harm.    The  manner  trf  making  tiiis^  3tii&£- . 
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box  is  as  follows:  on  the  top  of- the  cylinder  is  a  box  to 
contain  something  softj  yet  pretty  close^  to  embrace. the 
piston-rod  in  its  motion  up  and  down;  and  this  is  usually  a 
sort  of  plaited  rope  of  white  yam,  nicely  laid  in,  and  rammed 
down  gendy,  occupying  about  a  third  of  its  depth ;  upon  that 
is  placed  a  sort  of  tripod,  having  a  flat  ring  of  brass  for  its 
i^iper,  and  another  for  its  lower  part ;  and  uiese  rings  are  in 
iffeadUi  equal  to  the  space  between  the  piston-rod  and  the 
nde  of  the  box.  This  compound  ring  being  put  on  over  the 
end  of  the  piston-rod,  another  quantity  of  this  rope  is  to  be 
pot  upon  it,  and  gently  rammed  as  l)efore ;  then  there  is  a 
iioDow  space  left  between  these  two  packings,  and  that  space 
is  to  be  supplied  with  strong  steam  from  the  boiler.  Thus  is 
the  pairing  about  the  piston-rod  kept  in  such  a  state  as  to 
prevent  the  air  from  entering  the  cyUnder  when  at  any  time 
there  may  be  a  partial  vacuum  above  the  piston. 

Mr.  Homblower's  description  of  this  en^e  was  followed 
by  a  mathematical  investigation  of  the  principles  of  its  action, 
by  the  ingenious  Rrofessor  Robison,  which  demonstrates  that 
it  is  the  same  thing  in  efiPect  as  Mr.  Watt's  expansion  engine; 
but  thou^  this  is  true,  there  is  a  considerable  difference  in 
the  steps  by  which  the  effect  is  attained,'  which  gives  an 
important  advantage  when  it  is  reduced  to  practice.  We 
shall  give  an  investigation  in  a  more  popular  form,  using  only 
common  arithmetic.  Mr.  Homblower  assumed,  that  the 
power  or  pressure  of  steam  is  inversely  as  the  space  into 
idiich  the  steam  is  expanded ;  this  is  the  case  with  air,  and 
for  the  present  we  wiU  grant  it  to  be  so  with  steam,  and 
reason  fixmi  the  same  data  as  the  ingenious  inventor  gives  us. 

To  expliun  cleariy  what  passes  in  the  two  cylinders,  we 
must  deviate  from  the  precise  form  of  the  engine,  and  divest 
ourselves  of  one  complication  of  ideas,  by  reducing  both  cylin- 
ders to  the  same  stroke ;  therefore,  suppose  the  engine,  to  be 
made  like  fig.  197,  which  represents  the  two  cylinders  placed 
one  upon  the  other,  die  lower  one  being  double  the  capacity  of 
the  upper  one,  and  both  pistons  being  attached  to  the  same 
rod,  which  may  be  applied  to  the  end  of  the  beam,  so  that  the 
descent  of  the  pistons  must  draw  up  the  load  at  the  opposite 
end  of  the  beam. 

Then,  if  we  suppose  the  small  piston  to  be  ten  inches  in 
diameter,  the  great  piston  must  be  14,14  inches;  and  to 
avoid  dl  difficulties  of  the  ratio  of  the  es^ansion,  and  the 
pressure  of  steam,  we  will  suppose  the  engine  to  be  worked 
oy  the  pressure  of  atmospheric  air  instead  of  steam ;  and  for 
the  convenience  of  rouna  numbers  in  our  calculation  we  will 
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eonrider  the  jreamre  at  only  ten  pounds  per  drcular  inch  o& 
the  surface  of  tbe  piston. 

Tlie  area  of  the  small  piston  will  be  100  circular  inches, 
and  being  assumed  to  move  without  friction,  the  pressure  upon 
It  wiU  be  10  X  100  s  1000  pounds.  The  area  of  the  j^ 
fnston  is  twice  as  nuich^  or  900  circular  inches,  and  the 
pressure  2000  pounds. 

Suppose  both  pistons  to  be  at  the  top  of  their  respectiTe 
cylinderB ;  let  the  atmospheric  air  be  admitted  to  press  freely 
upon  the  upper  sui&ce  of  the  small  piston ;  and  suppose  the 
space  between  the  two  jHstons  filled  with  air  of  tne  same 
density,  while  there  is  a  perfect  vacuum  made  in  the  lower  pait 
of  the  great  cylinder,  beneath  its  piston. 

Under  these  circumstances,  the  two  pistons  will  b^^  to 
descend  with  something  less  than  2000  pounds  of  pressure  <m 
the  great  piston,  by  the  air  contained  in  the  space  between  the 
twojpistons  bearing  on  the  200  inches  ol  surmce  with  a  weight 
of  10  pounds  per  indi ;  and  beneath  this  piston  there  is  no* 
thing  to  counteract  the  pressure.  At  the  same  time,  the  smaU 
piston,  having  air  of  equal  density  above  and  below  it,  is  is 
equilibrio. 

This  force  would  balance  a  load  of  2000  pounds ;  but  sup- 
pose we  diminish  the  load  to  1900  pounds,  then  Uie  pistons 
will  immediately  begin  to  descend ;  but  tl^y  will  soon  stop^ 
because  the  air  between  the  two  pbtons  must  expand  itseli^  to 
fill  the  increasing  space  occasioned  by  the  equal  descent  of 
both  pistons  in  the  cylinders,  one  of  which  is  twice  the  area 
of  the  other ;  and  as  the  air  becomes  rarer,  its  pressure  on  tiw 
great  piston  must  diminish.  Now  as  this  same  diminution 
occasions  the  small  piston  to  have  a  power  of  descent,  we 
will  first  consider  the  pistons  separately,  and  then  conjointly, 
ih  their  power  of  descent,  with  which  they  draw  down  the 
beam. 
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Upon  the  action  of  Uiis  engine  Dr.  Rees,  in  his  Cjdapmikj 
presents  us  with  the  following  remarks  and  comparative 
statement  between  it  and  Mr.  Watt's  principle  of  eroansioiu 

Now  let  us  consider  how  Mr.  Watt  s  principle  of  ex^- 
sion  would  operate  in  the  same  circumstance ;  that  is,  in  a 
cylinder  of  14,14  inches  diameter;  which  is  to  be  supplied 
with  air  of  10  pounds  pressure  per  circular  inch,  imtil  it  has 
completed  one-half  of  its  descent,  and  leavuig  the  remainder 
of  the  descent  to  be  accomplished  by  the  expansion  of  the 
air  already  contained  in  the  upper  hau  of  the  cylinder. 

Ibi 

At  the  beginning,  the  power  of  descent  will  be 2000 

At  one-fourth,  thej^wer  wiU  still  be 2000 

At  one-lud(  the  power  will  be 2000 

At  three-fourths  of  the  deseent,  the  power  will  be  diminished  to     .    1333} 

Because  the  air  must  occupy  one-fourth  of  the  length  of  the 
cylinder,  in  addition  to  that  half  of  the  cylinder  which  it  occupied 
before  the  expansion  began;  therefore  the  space  is  one  and  a  naif 
times  the  former,  or  as  3  to  2,  and  the  pressure  will  he  two-thirfis 
of  2000. 
At  the  bottom,  the  pressure  will  be 1000 

Because  the  air  is  expanded  to  occupy  twice  the  space  it  filled 
before.  ■ 

8333} 

The  sum  total  is  very  nearly  the  same  as  the  former,  but 
both  are  greater  than  they  should  be,  from  the  imperfect 
manner  in  which  we  have  been  obliged  to  make  our  calcula- 
tion, so  as  to  express  it  in  common  arithmetic,  without 
having  recourse  to  fluxions,  which  is  the  only  method  of 
treating  quantities  that  are  constantly  increasing  or  decreasing 
by  any  given  law. 

The  source  of  the  inaccuracv  is  easilv  explained  :  at  first 
we  set  with  the  pressiure  at  2000  pounds  m  Mr.  Homblower's 
engine,  and  did  not  take  into  the  account  that  it  decreases 
at  all,  until  the  piston  has  descended  to  one-fourth,  but 
reasoned  as  thougn  it  diminished  all  at  once  at  that  place; 
whereas  it  began  to  diminish  from  the  very  first  starting. 
Here  then  we  have  taken  a  small  quantity  too  much.  In  the 
same  manner,  our  process  takes  no  notice  of  the  diminution 
which  happens  between  one-fourth  and  one-half  of  the 
descent,  or  between  the  other  points  at  which  we  have 
chosen  to  examine  it  j  the  result  is,  as  if  the  diminution  took 
place  suddenly  at  eadh  of  those  points.  The  remedy  for  this 
would  have  been  to  have  taken  the  account  at  a  greater 
number  of  places,  as  it  is  by  fluxions  alone  that  we  can  take 
an  infinite  number,  so  as  to  obtain  a  true  result.    Now  in  the 
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mcood  calculation  of  Mr.  Watt's  expandion-engine,  we  have 
taken  a  still  less  number  of  steps  for  the  consideration  of  the 
expanmm,  because^  although  there  are  four  steps  in  the 
process,  two  ot  them  are  before  the  expansion  begins. 

This  is  the  reason  erf  the  apparent  difference;  for  in  reality 
diere  is  none  in  the  sum  total  of  the  varying  powers  exerted 
through  the  whole  strdke,  as  will  i^pear  to  any  person  who 
will  take  the  trouble  to  read  Professor  Uobison's  investiga- 
tion. But  if  we  consider  the  difference  of  the  manner  in 
which  the  whole  power  is  enended  during  the  stroke,  we 
shall  see  great  reason  to  prefer  Mr.  Homblower's  method, 
from  the  much  greater  uniformity  of  the  action  ;  it  begins  at 
200Q,  and  ends  at  1500,  whilst  Mr.  Watt's  begins  at  2000, 
aiul  ends  at  1000 ;  hence  the  necessity  of  those  ii^nious 
contrivances  for  equalizing  the  action  in  Mr.  Watt's  patent  of 
1782.  Mr.  Homblower  s  is  not  uniform,  but  approaches 
oniformity  more  nearly,  so  that  he  could  have  carried  the 
effect  of  the  expansive  principle  much  farther,  in  employing 
stronger  steam,  than  we  believe  he.  ever  proposed  to  do. 

We  have  been  thus  fiill  upon  this  subject,  because  the 
gaining  more  power  by  the  expansion  of  air  or  steam  acting 
ID  double  cylinders,  has  been  a  favourite  idea  with  many, 
and  there  are  no  less  than  five  different  patents  for  it,  but 
several  of  these  have  been  upon  mistaken  notions;  neither 
Mr.  Watt's  nor  Mr.  Homblower's  can  have  any  advantage 
from  shutting  off  the  air,  or  from  a  double  cylinder,  when  air 
n  t»ed  to  press  the  piston ;  nor  could  they  derive  any  advan- 
tage from  the  expansion  of  steam  in  their  engines,  if  the 
pressure  of  it  was  inversely  as  the  space  it  occupies. 

The  advantage  of  the  expansive  principle  arises  wholly 
from  a  peculiar  property  of  steam,  by  which,  when  suffered 
to  expuid  itself  to  fill  a  greater  space^it  decreases  in  pressure 
or  elastic  force  by  a  certain  law,  which  is  not  fully  laid  down  y 
that  is,  the  relation  between  its  expansive  force  and  the 
space  which  it  occupies  is  not  clearly  decided :  but  Mr. 
Woolf  has  found  that,  by  applying  these  properties  in  their 
foDest  extent  to  the  double-cylinder  es^ne,  he  can  make 
most  important  improvements  in  the  e£fects  which  can  be 
obtained  from  any  given  quantity  of  fiiel.  Steam  is  a  fluid 
so  different  from  air,  as  to  have  no  one  property  in  common 
with  it,  except  elasticity.  This  elasticity  is  wholly  derived 
from  the  quantity  of  heat  which  it  contains,  and  its  force 
increases  and  diminishes  with  the  quantity  of  heat ;  but  by 
what  law  it  increases  or  diminishes  we  are  uncertain,  because 
we  have  no  measure  of  the  actual  quantity  of  beat  which  is 
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contained  in  steam  of  any  giren  elastic  fbrce.  All  we  kacnr 
with  certidnty  is  what  is  stated  in  our  table  of  ejqpansioiiy 
viz.  that  water,  being  converted  into  steam,  and  confined  m 
a  dose  vessel,  when  heated  until  the  thermometer  in^cates 
a  certain  temperature,  will  have  a  certain  pressure  or  dastic 
force.  But  here  we  must  (Aserve,  thut  the  tbermometo: 
indicates  only  the  intensity  of  the  beat,  without  aflbrding  a 
direct  measure  of  its  quantity.  Wh«i  steam  is  sufiEmd  to 
expand  itself  into  any  given  spade,  the  quantity  of  rarefied 
water  which  will  be  found  to  be  contained  in  any  given  balk 
of  steam,  in  its  expanded  state,  must  be  undoubtomy  propor- 
tioned to  the  quantity  of  water  contained  in  the  saiae  balk 
of  the  steam,  before  the  expansion  took  place,  in  the  inverse 
ratio  of  the  space  which  it  originally  occupied,  and  that  space 
which  it  fills  when  expanded ;  but  we  cannot  say  that  this 
is  the  case  with  heat ;  and  it  is  the  quantity  of  heat  alone 
which  determines  the  elastic  force. 

We  believe  that,  in  practice,  Mr.  Homblower  was  not  afak 
to  obtain  an^  greater  effect  from  the  application  of  the, 
expansive  action  in  two  cvlinders,  than  Mr.  Watt  did  in  one 
cylinder.  In  1791  — 2,  ne  erected  an  engine  in  Cornwall 
at  Tin-Croft  mine,  of  which  the  large  cylinder  was  27  inches 
diameter,  and  worked  witii  a  stroke  of  eight  feet  long,  snd 
the  smatt  cytinder  21  inches  diameter,  working  with  a  six 
feet  stroke.  The  only  account  we  have  been  able  to  obtain 
of  the  performance  of  this  engine,  is  from  a  pamphlet  pub- 
lished by  Thomas  Wilson,  an  agent  of  Messrs.  BouHon  sod 
Watt,  professedly  with  a  view  to  prevent  the  introduction  ci 
Mr.  Homblowers  engines  into  that  country,  in  widch  he 
makes  it  appear,  that  it  raised  only  14,222,120  pounds  of 
water  one  foot  high  with  each  bushel  of  coals. 

In  Mr.  Homblower's  own  account  of  bis  engine,  in  Gre- 
gory's Mechanics,  he  informs  us,  ^^That  an  engine  wis 
erected  in  the  vicinity  of  Bath,  some  years  since,  on  this 
principle,  and  under  very  disadvantageous  circumstances, 
the  engine  had  its  cylinders  19  inches  and  24  indies  dia- 
meter, with  lengths  of  stroke  in  each  suitable  to  the  occaskw: 
viz.  six  feet  and  eight  feet  respectively.  The  condensing 
apparatus  was  very  bad,  through  a  fear  of  infringement  on 
Mr.  Watt's  patent,  and  the  greatest  degree  of  vacuum  which 
could  be  obtained,  was  no  more  than  S^  inches  of  mercury. 
The  eng^e  worked  four  lifts  of  pumps  to  the  deptbi  of  ij^ 
feet,  4500  pounds,  14  strokes  in  a  minute,  six  feet  each,  wHb 
a  cylinder  six  feet  long,  and  19  inches  diameter,  with  a 
great  deal  of  inertia  and  friction  in  the  rods  and  budgets; 


Digitized 


by  Google 


AND  MACHINIST,  191 

of  the  latl«r  et  whicfa  were  not  rxmte  than  3^  inches 
duuneler:  and  this  it  did,  under  all  these  disadvantageous 
»  with  70  pounds  of  coal  (light  coal)  per  hour/' 


To  reduce  this  to  the  standard  of  one  foot  high,  we  must  put  the  load 
4500  pounds  x  6  feet  stroke  »  27,000  pounds  whieh  the  engine  ndsed 
iM  foot  high  at  erwy  stioke;  27,000  pounds  x  14  strokes  per  miauis  — 
978,000  pounds  raised  one  foot  high  each  minute ;  378,000  pounds  x  60 
»  22,680,000  pounds  raised  one  foot  hiffh  per  hour,  or  with  70  pounds 
of  coals.  As  the  coals  are  stated  to  be  light,  we  will  take  them  at  only 
84  pounds  per  bushel,  instead  of  88  pounds,  as  Mr.  Smeaton  did,  aad 
siy  as  ro  pounds  :  22,680,800  poun^  : :  84  pounds  :  27,21  S^OOOpouiuli  of 
water  raised  one  foot  high  with  a  bushel  of  coals,  which  ia  a  Tery  good 
^erfonaaaoe,  bat  Bot  greater  than  Mr.  Watt's. 

^  In  tttts  engine,  Mr.  HomMower  says  that  two  remarkable 
eireumsCanees  presented  themselves  to  show  the  advantages 
of  tUs  application  of  the  principle :  the  one  was,  that  the 
mm  who  attended  the  engine  wouU  sometimes  detach  the 
smaller  cjfinder  from  the  beam,  and  work  only  with  the  large 
one,  and  then  the  boiler  would  scarcely  raise  steam  enough 
to  keep  die  engine  going;  but  no  sooner  was  the  small 
eylinder-rod  attached  to  the  beam,  than  the  engine  resumed 
its  wonted  activity,  and  the  steam  would  blow  up  the 
fiafety-valve. 

The  next  circumstimce  is,  that  when  the  detent,  which 
kept  the  ezhaastii^  valve  shut,  happened  to  miss  its  action, 
the  piston  would  be  checked,  as  it  were,  not  being  permitted 
to  nse  through  the  whole  of  the  returning  strdke ;  and  it 
would,  as  by  an  intuitive  nature,  eome  down  again  and 
again,  until  the  detent  performed  its  office,  which  is  a 
practical  argument  for  the  power  of  the  engine  at  the  ter- 
mioation  ol  its  stroke. 

Several  engines  have  been  constructed  upon  the  prind- 
pfeiof  admitting  a  furtiier  expansion  of  the  steam  in  a  seccmd 
cylinder.  The  one,  however,  which  has  been  most  effectually 
tried  by  comparison,  is  that  which  floes  by  the  name  ot 
Wodf 's  engine.  An  account  of  which  we  transcribe,  toffe- 
ther  with  other  improvements  in  the  minor  parts,  which 
from  their  inraiuitv  are  worthy  of  notice. 

In  1884,  fifr.  Arthur  Woolf  had  a  patent  tor  improvements 
in  steam-engines.  The  specificaticm  of  his  invention  states, 
that  he  has  ascertained  by  actual  experiment,  and  reduced  to 
pnurtice,  the  following  particulars  respecting  the  expansibility 
of  steam.  That,  in  practice,  it  is  found  that  steam,  acting 
with  the  expansive  force  of  four  pounds  pressure  per  square 
inch  against  a  safety-valve  exposed  to  the  atmosphere,  is 
c^nMc  of  expanding  itself  to  four  times  the  volume  it  then 
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occupies,  and  still  to  be  equal  to  the  pressure  of  the  otiaa^ 
sphere  :  that,  in  like  manner,  steam  of  the  force  of  five  pounds 
the  square  inch,  can  expand  itself  to  five  times  its  volume  f 
and  that  masses  or  quantities  of  ste^m  of  the  like  expansive 
force  of  six,  seven,  eight,  nine,  or  ten  pounds  pressure  per 
square  inch,  can  expand  to  six,  seven,  eight,  nine,  or  ten 
times  their  volume,  and  still  be  respectively  equal  to  the 
atmosphere,  or  capable  of  producing  a  sufficient  action 
against  the  piston  of  a  steam-engine,  to  cause  the  same  to 
rise  in  the  atmospheric  engine  of  Newcomen  with  a  counter* 
poise,  or  to  be  carried  into  the  vacuous  part  of  the  cylinder 
of  the  improved  engine,  first  brought  into  effect  by  Mr.  Watt : 
that  this  ratio  is  progressive,  and  nearly,  if  not  entirely,  uni- 
£Drm ;  so  that  steam  pressing  with  the  expansive  force  of  20, 
30,  ^,  or  50  pounds  the  square  inch  agdnst  a  common 
safety-valve,  vn}l  expand  itself  to  20,  30,  40,  or  50  times  its 
volume ;  and  that,  generallv,  as  to  all  the  intermediate  or 
higher  degrees  of  elastic  force,  the  number  of  times  which 
steam  of  any  temperature  and  force  can  expand  itself,  is  nearly 
the  same  as  the  number  of  pounds  it  is  able  to  sustain  on  a 
square  inch  exposed  to  the  common  atmospheric  counter- 
pressure  ;  provided  always,  that  the  space,  place,  or  vessel,  in 
which  it  is  allowed  to  expand  itself,  be  kept  at  the  same  tem- 
perature as  that  of  the  steam,  before  it  is  allowed  room  to 
Expand. 

Respecting  the  different  degrees  of  temperature  required 
to  bring  steam  to,  and  maintain  it  at,  different  expansive 
forces  above  the  weight  of  the  atmosphere,  Mr.  Woolf  states, 
that  he  has  found  by  actual  experiment,  setting  out  from  the 
boiling  point  of  water,  or  212<^  of  Fahrenheit,  at  which'degree 
steam  oi  water  is  only  equal  to  the  pressure  of  the  atmo- 
.  sphere ;  that,  in  order  to  give  an  increased  elastic  force  equal 
to  five  pounds  on  each  square  inch,  the  temperature  must  be 
raised  to  about  227i^,  when  it  will  have  acquired  a  power  to 
expand  itself  to  five  times  its  volume,  and  stUl  be  equal  to  the 
atmosphere,  and  capable  of  being  applied  as  such  in  the  work- 
ing of  steam-engines  according  to  his  invention.  Various 
other  pressures,  temperatures,  and  expansive  forces  of  steam, 
are  shown  in  the  following  table. 
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Wooif's  Table  (pf  the  rekuive  pressures  per  square  inch; 
the  temperature  and  ejcpaiusibiUty  of  steam  at  different 
degrees  of  heat  above  the  boiling  point  of  water,  begins 
ning  with  the  temperature  of  steam  of  an  elastic  force 
equal  to  Jive  pounds  per  square  inch,  and  extending  to 
steam  able  to  sustain  forty  pounds  on  the  square  inch. 


SCeanofan 
tUstic  force 
predooiimU- 
iof  orerthe 
{•Kwire  of 
t^  atiDo> 
spfcereopon 
t  afetj-Talvf; 


Povadaper 
Square  iBdi. 

6 
7 

8 

9 
10 
15 
20 
25 
30 
35 
40 


l>egree*of 
Hrat. 


227i^ 
230i 
232i 
235f 
requires  to  be    237§ 
^maintained  by  I  239f 
**&  temperature  I  250§ 
equal  to  about    259§ 
267 
273 
278 


and  at  these 
respective  de- 
grees of  heat,^ 
steam  can  ex- 
pand Itself  to 
about 


times  its  ro- 
lume,nnd  con- 
tinue  equal  in 
inelasticity  to 
the  'pressure- 
of  the  atmo- 
sphere. 


And  80  in  like  manner,  by  small  additions  of  temperature, 
^  expansive  power  may  be  given  to  steam  to  enable  it  to 
expand  to  60,  60,  70,  80,  90,  100,  200,  300,  or  more  times 
its  volume,  wiUiout  any  limitation  but  what  is  imposed  by  the 
frangible  nature  of  every  material  of  which  boilers  and  other 
parts  of  steam-engines  can  be  made.  Prudence  dictates  that 
thQ  expansive  force  should  never  be  carried  to  the  utmost 
which  the  materials  can  bear,  but  rather  be  kept  considerably 
'rithin  that  limit. 

Having  thus  explained  the  nature  of  his  discovery,  Mr. 
^oolf  proceeds  to  give  a  description  of  his  improvements 
grounded  thereon. 

If  the  engine  is  constructed  originaUv  with  the  intention  of 
adopting  these  inaprovements,  it  ought  to  have  two  steam 
cylbders  of  different  dimensions,  and  proportioned  to  each 
other,  according  to  the  temperature  or  the  expansive  force 
determined  to  be  conmaunicated  to  the  steam  made  use  of  in 
working  the  engine ;  for  the  smaller  steam-vessel  or  cylinder 
must  be  a  guide  for  the  larger.  For  example;  if  steam  of 
forty  pounds  the  square  inch  is  fixed  on,  then  the  smaller 
cylinder  shoold  be  at  least  one-fortieth  part  the  contents  of 
the  larger  one.  Each  cylinder  should  be  fumbhed  with  a 
pstoD,  and  the  smaller  cylinder  should  have  a  communica- 
tioD,  both  at  its  top  and  bottom,  (top  and  bottom  being  here 
employed  merely  as  relative  terms,  for  the  cylinders  may  be 
worked  in  a  horizontal,  or  any  other  required  position^  as  well  as 
^^ntical,)  with  the  boiler  which  supplies  the  steam  |  and  the 
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communicationa,  by  means  of  cocks  or  valves  of  any  construc- 
tion adapted  to  the  use,  are  to  be  alternately  opened  and  shut 
during  the  working  of  the  engbe.  The  top  of  the  small  cylin- 
der should  have  a  communication  with  the  Dottom  of  the  larger 
cylinder,  and  the  bottom  of  the  smaller  one  with  the  top  of 
the  larger,  with  proper  means  to  open  and  shut  them  alter- 
nately by  cocks,  valves,  or  any  other  well-known  contrivance. 
And  both  the  top  and  bottom  of  the  larger  cylinder  should, 
while  the  engine  is  at  work,  communicate  alternately  with  a 
condensing  vessel,  into  which  a  jet  of  water  i3  admitted  to 
hasten  the  condensation ;  or  the  condensing  vessel  may  be 
cooled  by  any  other  means  calculated  to  produce  that  effect 

This  arrangement  being  made,  when  the  engine  is  set  to 
work,  steam  of  a  high  temperature  is  admitted  firom  the 
boiler  to  act  by  its  elastic  force  on  one  side  of  the  smaller 
piston,  while  the  steam  which  had  last  moved  it  has  a  com- 
munication with  the  larger  steam- vessel  or  cylinder,  where  it 
follows  the  larger  piston,  now  moving  towards  that  end  of  its 
cvlinder  which  is  open  to  the  condensing  vessel.  Let  both 
pistons  end  their  stroke  at  one  time ;  and  let  us  now  suppose 
them  both  at  the  top  of  their  respective  cylinders,  ready  to 
descend ;  then  the  steam  of  forty  pounds  the  square  inch, 
entering  above  the  smaller  piston,  will  carry  it  downwards; 
while  the  steam  below  it,  instead  of  being  allowed  to  escajpe 
into  the  atmosphere,  or  applied  to  any  other  purpose,  will 
pass  into  the  larger  cylinder  above  its  piston,  which  will 
make  its  downward  stroke  at  the  same  time  that  the  piston 
of  the  smaller  cylinder  is  doing  the  same  thing ;  and  while 
this  goes  on,  the  steam  which  last  filled  the  larger  cylinder  in 
the  upward  stroke  of  the  en^e  will  be  passing  into  the  con- 
denser, to  be  condensed  durms  the  downward  stroke.  When 
the  pistons  in  the  smaller  and  larger  cylinder  have  thus  been 
made  to  descend  to  the  bottom  of  their  respective  cylinders, 
then  the  steam  from  the  boiler  b  to  be  shut  off  from  the  top, 
and  admitted  to  the  bottom  of  the  smaller  cylinder.  The 
communication  between  the  bottom  of  the  smaller  and  the  top 
of  the  larger  cylinder  is  also  to  be  cut  off;  and  the  communi- 
cation is  to  be  opened  between  the  top  of  the  smaller  and  the 
bottom  of  th^  hu-ger  cylinder.  The  communication  between 
the  bottom  of  the  larger  cylinder  and  the  condenser  is  to  be 
cut  off,  and  the  steam  which,  in  the  downward  stroke  of  the 
enrine,  filled  the  upper  part  of  the  larger  cylinder,  sufibred 
to  flow  off  to  the  condenser.  The  engine  wiU  then  make  its 
upward  stroke  from  the  pressure  of  the  steam  in  the  top  of  the 
amall  cylinder  acting  beneath  the  piston  of  the  great  cylinder. 
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wad  90  on  ahemately,  admitting  the  steam  to  the  difierent 
rides  of  the  smaller  piston,  while  the  steam  last  admitted  into 
the  smaller  cylinder  passes  alternately  to  the  different  sides 
of  the  larger  piston  in  the  larger  cylinders :  the  top  and  bot- 
tom of  which  are  at  the  same  time  made  to  communicate 
alternately  with  the  condenser. 

In  an  engine  woridng  in  the  manner  just  described,  while 
the  steam  is  admitted  on  one  side  of  the  piston  into  the 
smaller  cylinder,  the  steam  on  the  other  side  has  room  made 
for  its  admission  into  the  larger  cylinder,  on  one  side  of  its 
piston,  by  ^e  condensation  taking  place  on  the  other  side  of 
the  large  piston  which  is  open  to  the  condenser;  and  that 
waste  of  steam  which  takes  place  in  engines  worked  only  by 
flte  expansive  force  of  steam,  from  steam  passing  the  piston, 
is  prevented ;  for  all  steam  that  passes  the  piston  in  the 
Mnaller  cylinder  is  received  into  the  larger. 

In  such  an  engine,  where  it  may  be  more  convenient  for  any 
particolar  purpose,  the  arrangement  may  be  dtered,  and 
&e  top  of  the  smaller  made  to  communicate  with  the  top  of 
the  larger  cylinder;  in  which  case  the  only  difference  will  be, 
ftat  when  Uie  piston  in  the  smaller  cylinder  descends,  that 
in  the  larger  wul  ascend,  and  vice  versd;  which,  on  some 
occasions,  may  be  more  convenient  than  to  have  the  two 
ptttons  moving  in  the  same  direction. 

This  engine  id  exactly  Hie  same  in  its  action  as  Mr.  Horn- 
Mower's,  which  we  have  before  described.  The  novelty  con- 
rists  in  Ae  application  of  steam  of  a  high  pressure  thereto,  and 
in  proportiomng  the  capacities  of  the  two  cylinders  to  the 
mansibHity  of  the  steam,  according  to  his  table.  But  Mr. 
W.  goes  on  to  state,  that  effectual  means  must  be  used  to 
keep  up  the  requisite  temperature  in  all  parts  of  the  ap- 
paratos  into  which  the  steam  is  admitted,  and  in  which  it  is  not 
mtended  to  be  condensed ;  and  here  it  may  be  proper  to  state, 
ftat  instead  of  the  usual  means  of  accomplishing  this,  by  en- 
dosing  them  in  the  boiler,  or  in  a  steam-case  communicating 
with  the  boOer,  a  separate  fire  may  with  advantage  be  made 
mider  the  steam-case  containing  the  cylinders,  which  in  that 
event  will  become  a  second  boiler,  and  must  be  furnished 
irith  a  safety-valve,  to  regulate  the  temperature.  By  means 
of  tiie  last-mentioned  arrangement,  the  steam  from  thes  mailer 
cylinder,  or  steam  measurer,  may  be  admitted  into  the  larger 
cyHnder,  when  kept  at  a  higher  temperature  than  the  steam 
in  the  smaUer  cylmder,  by  which  its  power  to  expand  itself 
may  be  increased ;  and,  on  the  contrary,  by  keeping  the 
kttger  cylinder  at  a  lower  temperature  than  the  smaller,  its 
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expansibility  will  be  lessened,  which,  on  particular  occagioniy 
and  for  particular  purposes,  may  be  desirable.  In  every  case 
care  must  be  taken  that  the  boiler,  or  case  in  which  the  cylin- 
der is  enclosed,  the  steam-pipes,  and  generally  all  the  parts 
exposed  to  the  action  of  the  expansive  force  of  the  steam,  shall 
have  a  strength  proportioned  to  the  high  pressure  to  which 
they  are  to  be  exposed. 

It  is  not  advisable  that  the  proportion  of  the  capacity  of 
the  smaller  cylinder,  or  steam-measurer,  to  the  capacity  of  the 
larger  or  working  cylinder,  should  in  any  case  be  smaller  than 
the  proportion  of  the  expansion  of  the  steam  which  is  to  be 
used  in  it,  as  we  have  stated,  yet,  in  the  making  of  it  larger, 
considerable  latitude  may  be  allowed;  for  example,  with 
steam  of  forty  pounds  the  square  inch,  a  small  cylinder,  or 
measurer,  of  one-twentieth,  or  even  larger,  instead  of  one  of 
fortieth  the  capacity  of  the  larger  or  working  cylinder,  and  so 
with  steam  of  any  given  strength.  And  in  many  cases,  it  may 
be  advisable  that  this  should  be  the  case,  because  of  the 
difficulty  of  preventing  some  waste  of  steam,  or  partial 
condensation,  which  might  lessen  the  rate  of  working, 
if  not  allowed  for  in  the  size  of  the  small  cylinder  or  steam- 
measurer. 

In  all  cases  when  the  engine  is  ready  for  working,  whatever 
maybe  the  proportion  that  has  been  adopted,  or  intended  to 
be  worked  witli,  it  should  have  its  power  tried  by  altering  the 
load  on  the  valve  that  ascertahis  the  force  of  the  steam,  in 
order  that  the  strength  of  steam  best  adapted  for  the  engine 
may  be  ascertained,  for  it  may  turn  out  to  be  advantageous, 
that  the  steam  should  be  employed  in  particular  engines  d 
an  elastic  force  somewhat  over  or  under  what  was  first 
intended. 

Mr.  Woolf  also  states,  that  Mr.  Watt's  engines  may  be 
improved  by  the  application  of  his  discovery  in  making  the 
boiler,  and  the  steam-case  in  which  the  working  cylinder  is 
enclosed,  much  stronger  than  usual,  and  by  altering  the 
structure  and  dimensions  of  the  valves  for  admitting  steam 
from  the  boiler  into  the  cylinder  in  such  a  manner  Uiat  the 
steam  may  be  admitted  very  gradually  by  a  progressive 
enlargement  of  the  aperture,  so  as  at  first  to  wiredraw  the 
steam  and  afterwards  to  admit  it  more  fi:eely.  The  reason  Ot 
this  precaution  is  this,  that  steam  of  '  such  elastic  force  as 
Mr  Woolf  proposes  to  employ,  if  admitted  suddenly  into,  the 
cylinder,  would  strike  the  piston  with  a  force  as  would  en* 
danger  the  safety  and  durability  of  the  engine.  The  aperture 
allowed  for  admitting  steam  into  the  cjiinder,  or  cylindeiSi, 
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riicmld  be  regulated  by  the  foUowing  conBideration.  If  the 
iotentioD  is  that  the  engine  should  work  wholly^  or  almost 
wholly,  by  condensation,  the  steam,  in  passing  into  the  cylin- 
der, shonld  be  forced  to  wiredraw  itself  only  so  much  that  the 
piston  may  perform  the  whole,  or  a  great  part  of  the  stroke, 
by  the  time  that  the  intended  quantity  of  steam  has  been  ad- 
mitted into  the  cylinder.  For  example,  when  steam  of  forty 
ponnds  on  ihe  square  inch  is  used,  such  a  quantity  of  it  must 
be  allowed  to  enter  as  shall  be  equal  to  one-fortieth  of  the 
capacity  of  the  cylinder,  and  so  in  proportion  when  steam  of 
any  other  force  is  employed  3  and  when  the  requisite  quantity 
has  been  admitted,  die  steam  is  to  be  shut  off  till  the  proper 
moment  for  admitting  a  fresh  quantity.  But  if  it  h  intended 
that  advantage  shall  also  be  taken  of  the  elastic  force  of  the 
rteam  acting  on  one  side  of  the  piston,  while  condensation 
goes  on  on  the  other  side,  then  the  steam  must  be  admitted 
mOTc  freely,  but  still  with  caution  at  first,  for  the  reason 
already  mentioned. 

His  latter  is  the  same  thing  as  Mr.  Watt's  expansion 
engme ;  but  with  the  addition  of  gradually  diminishmg  the 
aperture  of  the  steam-valve  as  the  piston  descends,  instead  of 
stoppmg  it  altogether  at  a  certain  ^rtion  of  the  descent,  by 
iriudi  means  the  action  of  the  engme  is  rendered  more  uni- 
fonn.  We  think  that,  by  regulating  the  descent  of  the  valve 
by  an  accurate  movement,  a  very  good  effect  maybe  pro- 
duced in  this  manner,  without  the  complication  of  two  cylin- 
ders or  other  parts ;  the  only  objection  is,  that  if  at  any  time 
the  valve  should  be  fiiUy  opened  by  accident,  the  pressure 
might  suddenly  become  so  great,  from  the  strong  steam  act- 
ing upon  the  full  surface  of  the  piston,  as  to  break  the  engine 
to  nieces. 

In  1805,  Mr.  Woolf  took  out  a  second  patent  for  further 
improvements^  in  which  he  proposes,  as  before,  to  apply  fire  to 
4e  cylinder  itself,  to  heat  the  steam  after  it  is  thrown  into 
the  working  cylinder ;  and  this  was  to  be  done  by  a  fire 
being  placed  beneath  the  case  containing  the  cylinder :  the 
space  between  the  case  and  the  cylinder  was  to  be  filled  with 
^  wax,  fusible  metal,  or  mercury.  He  also  proposes  a 
luethod  of  preventing  the  passage  of  any  of  the  steam  from 
that  aide  of  the  piston  which  is  acted  upon  by  the  steam,  to 
the  other  side,  which  is  open  to  the  condenser.  In  those 
«team-cngines  which  act  as  double  engines,  he  effects  thb  by 
employing,  upon  or  about  the  piston,  a  column  of  mercury 
<ir  fluid  metal,  in  an  altitude  equal  to  the  pressure  of  the 
Steam.     The   eflScacy  of  this  arrangement  will,  he  says. 
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appear  ol^us^  from  attending  to  vrh^  takes  place  m  the 
working  such  a  piston.  When  the  pistoa  U  asceadinj^ 
that  is,  when  the  i^^am  is  admitted  below  h,  the  space  oa 
its  upper  side  being  open  to  the  condenser,  the  steam>  endea- 
vounng  to  pass  up  by  the  side  of  the  piston,  is  mety  and 
effectually  prevented  by  the  column  of  metal|  equal  or  su- 
perior to  it  in  pressure,  and  during  the  down  stroke^  no 
steam  can  possibly  pass  without  .fii^  forcing  all  the  metal 
through. 

lu  working  what  is  called  a  single  engine,  a  less  consider- 
able altitude  of  metal  is  required,  because  llie  steam  always 
acts  on  the  upper  side  of  the  piston ;  and  in  this  case,  oil,  or 
wax,  or  fat  of  animals,  or  similar  substances,  in  sufficient 
quant^eSy  will  answer  the  purpose.  But  care  must  be  taken, 
either  in  the  double  or  single  engine,  when  working  with  this 
piston,  that  the  outlet  which  conveys  the  steam  to  the  con- 
clenser  shall  be  so  situated,  and  of  such  a  size,  that  the  steam 
may  pass  freely,  without  forcing  before  it,  or  carrying  with  it, 
any  of  the  metal  or  other  substance  employed  that  may  have 
passed  by  the  piston ;  and  at  the  same  time  providing  another 
exit  for  the  metal,  or  other  substance  collected  at  the  bottom 
of  the  cylinder,  to  convey  the  same  into  a  reservoir  kept  at  a 
proper  heat,  whence  it  is  to  be  returned  to  the  upper  side  of 
the  piston  by  a  small  pump,  worked  by  the  enginci  or  by 
some  other  contrivance.  In  order  that  the  fluid  metal  used 
with  the  piston  may  not  be  oxydated,  some  oil  or  other  fluid 
substance  is  always  to  be  kept  on  its  surface,  to  prevent  its 
cpmipig  in  contact  with  the  steam ;  and  to  prevent  the  neces- 
sity of  employing  a  large  quantity  of  fluid  metal,  although 
the  piston  must  be  fts  thick  as  the  depth  of  the  column  re- 
quired, the  diameter  need  be  only  a  little  less  than  the  steam- 
vessel  or  working  cylinder,  excepting  where  the  packings  or 
other  fitting,  is  necessary  to  be  applied ;  so  that,  in  iact, 
the  column  of  fluid  metal  forms  only  a  thin  body  round  the 
piston. 

We  have  seen  an  eng^e  of  an  eight-horse  power  of  this 
kind  at  work,  with  a  fluid  metal  on  uie  pistons :  it  effectually 
prevented  the  leakage.  But  as  it  required  to  have  the  cylin- 
ders twice  as  long  as  usual,  in  order  to  have  sufficient  room 
for  the  long  or  thick  pistons  which  it  required,  and  as  these 
pistons  must  be  of  considerable  weight,  the  method  is  not  at 
all  applicable  in  practice ;  and,  indeed,  the  increase  of  the  bulk 
i^f  the  moving  parts  is  such  as  to  counterbalance  the  advan- 
tage, which  is  confined  to  the  saving  of  steam  by  leakage : 
fur  the  tVictiou  must  be  greater  than  in  another  engine. 
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beeaose  tiie  piston  must  be  packed  as  tight  as  usual,  to  be  able 
to  tttstaui  a  cohunn  of  fluid  metal,  which  must  be  more  than 
equal  inpresBure  to  that  of  the  steam;  and  when  the  steam 
Dresses  upon  the  pislon,  the  pressure  of  the  fluid  metal  to  leak 
vy  the  piston  must  be  doubk  that  ct  the  steam :  also  the 
firiction  of  so  great  a  surface  of  fluid  metal  pressing  agfunst 
the  maide  of  ue  orlmder  is  very  great. 

In  1810,  Mr.  Woolf  had  a  thutl  patent,  the  object  of  which 
is  to  prevent  the  waste  of  steam  from  leakage  by  the  piston. 
For  this  purpose,  he  does  not  allow  the  steam  to  come  to  the 
piston  at  all,  but  causes  it  to  act  in  a  diffiprent  vessel,  and 
tranmits  the  action  thereof  to  the  piston  by  oil  or  fluid  metal : 
thus,  at  the  side  of  the  cylinder,  he  places  a  separate  vessel, 
comraimicating  with*  the  lower  part  of  the  cylinder  by  a 
lai^  pipe  or  passage  from  the  bottom  of  each ;  then 
steam,  being  admit^  faito  Hm  vessel,  will  press  upon 
the  surface  of  the  oil  or  fluid  metal  contained  in  it,  and 
force  the  same  to  pass  out  of  that  vessel  into  the  cylinder, 
where  it  wUl  set  beneath  the  piston  to  press  the  same  up- 
wsnis,  a  vacuum  behig  at  the  same  time  made  in  the  upper 
part  of  the  cylinder  to  give  effect  to  the  pressure. 

The  steam  is  then  made  to  press  upon  the  upp^r  surfsice 

<^  Use  pirton,  which  is  always  covered  with  a  quantity  of  the 

fluid;  and  i^the  same  time  a  vacuum  is  made  in  the  separate 

i^ssd,  so  as  to  rielieve  the  surfkce  thereof  from  all  pressure ; 

in  comeqtience  the  piston  is  ihadt  to  descend.    It  is  evident 

that  the  piston  must  be  packed  so  tight  as  to  suffer  none  of  the 

fltiid  to  pass  by  it ;  but  this  is  easy,  in  comparison  with  the 

diflicuky  of  making  a  packing  sufficiently  tight  to  resist  the 

passage  of  steam,  particularly  when  it  is  so  rare  as  the  ex* 

pand^  steam  which  Mr.  Woplf  sometimes    uses    in    his 

engiDe.    The  separate  vessel  of  Which  we  have  spoken,  is  in 

some  cases  to  be  the  jacket  or  space  which  surrounds  tfa^ 

cylinder,  which  is  then  to  be  €)pen  at  bottom. 

This  contrivance  is  ingenious,  but  we  think  the  necessity 
of  an  additional  cylinder  is  an  objection  which  will  prevent 
its  adoption  in  large  engines;  and  for  small  engines  the 
advantages  are  not  so  great. 

Since  his  irst  patent,  Mr.  Woolf  has  erected  several  small 

engines,  which  performed  well,  and  with  an  evident  economy 

^  meL    But  these  engines  being  employed  to  turn  mills,  of 

which  the  operations  do  not  afford  so  exact  an  estimate  of  the 

^'^^wer  BM  the  operation    of  pumping  water,  Mr.  Woolf  s 

^^ftmes  did  not  come  to  a  direct  and  indisputable  comparison 

^&  tbose  on  Mr-  Watt's  principle,  until  1815,  when  two 
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large  engines  were  set  to  work  in  Cornwall,  at  Wheal  Vor 
and  Wh^  Abraham  mineR,  for  pumping  water ;  and  these 
have  since  been  regularly  reported  in  Messrs.  T.  and  J. 
Lean's  reports,  and  of  which  one  of  the  objects  was  to  ascer- 
tain the  comparative  merit  of  the  double  and  emgle  cylinder 
engines. 

The  report  for  M^y,  1815,  states  the  aventge  performance  of  these  two 
engines  at  49,980,882  lbs.  lifted  one  foot  high  for  eadi  bushel  of  coals;  and 
since  that  time  they  have  done  more  than  50,000,000  lbs. 

The  engine  at  Wheal  Vor  has  a  great  cylinder  of  53  inches  diameter,  and 
nine-feet  stroke;  and  the  small  cylinder  is  about  one-fifth  of  the  contents 
of  the  great  one.  The  engine  works  six  pum|>s,  which,  at  every  stroke,  laise 
a  load  of  water  of  37,982  lbs.  weight  7^  teet  high,  which  is  the  length  of  the 
stroke  in  the  pumps.  This  makes  a  pressure  of  14,1  lbs.  per  square  inch  <m 
the  surface  ot  the  great  piston,  and  it  makes  7,6  strokes  per  mmute.  With 
respect  to  its  consumption  of  coals,  it  raised,  in  March,  1816, 48,432,702n». 
one  foot  high  with  each  bushel ;  April,  1816,  44,000,000  lbs. ;  May,  1816, 
49,500,000  lbs. ;  and  in  June,  1 816, 43,000,000  lbs. 

From  the  same  reports  we  learn,  that  the  engine  at  Wheal  Abraham  mine 
has  a  great  cylinder  of  45  inches  diameter,  workine  with  a  seven-feet  stroke, 
tt  the  rate  of  8,4  strokes  per  minute  under  a  load  of  24,050  lbs.,  which  it 
raises  seven  feet  at  each  stroke.  Its  performance  during  the  above  four 
months  was  50,000,000  lbs. ;  50,908,000  lbs. ;  in  May,  56>917,312lbs., 
which,  we  believe,  is  the  greatest  performance  ever  made  vy  a  steam-engine; 
and  in  June,  51,500,000  lbs. 

We  must  observe^  that  the  variation  in  the  performance 
of  different  steam-engines,  which  are  constructed  upon  the 
same  principle,  and  working  under  the  same  advantages,  is 
the  same  as  would  be  found  in  the  produce  of  the  labour  of 
so  many  different  horses,  or  other  animals,  when  conipared 
>vith  their  consumptive  food;  fo^  the  effects  of  difterent 
steam-engines  will  vary  as  much  from  small  differences 
in  the  proportions  of  their  parts,  as  the  strength  of  animals 
from  the  vigour  of  their  constitution ;  and,  again,  there  will 
be  as  great  differences  in  the  performance  of  the  same 
engine,  when  in  bad  or  good  order,  from  all  the  parts 
being  tight  and  well  oiled,  so  as  to  move  with  little  friction, 
as  there  is  in  the  labour  of  an  animal,  from  his  being  in  good 
or  bad  health,  or  excessively  fatigued ;  but  in  all  cases,  Uiere 
will  be  a  maximum  which  cannot  be  exceeded,  and  an  average 
which  we  ought  always  expect  to  attain. 

Fig.  198  is  a  sketch  to  show  the  arrangement  of  the  valves  and  cylinders 
of  these  two  engines ;  A  is  the  large  cylinder,  and  B  the  little  cylinder,  each 
enclosed  in  its  steam-case.  The  steam  is  admitted  from  the  boiler  into  the 
steam-case  of  the  large  cylinder  A,  by  a  conmnunication  at  C ;  and  there  is 
a  communication  between  this  steam-case  and  that  of  the  small  cylinder; 
so  that  all  the  steam  for  the  supply  of  the  engine  passes  through  both  of  the 
steam- casf^s,  which  therefore  become  part  of  Uie  communication  between  th$ 
boiler  and  the  little  cylinder,  into  which  the  steam  is  first  admitted.    0 
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famishes  a  communication  for  carrying  back  to  Ike  boiler  any  water  which 
BBjr  be  prodoced  by  condensation  in  the  steam-case,  before  the  engine  is 
heated  to  the  proper  temperature.  £  is  the  pipe  from  the  steam-case  to 
sippty  the  engine ;  it  has  a  regulating  valve.  F  is  the  valve-box  of  the 
otul  cylinder,  the  spindle  of  the  one  valve  working  through  that  of  the 
other;  and  the  passage  for  the  steam  from  the  case  into  the  small  cylinder  is 
stoated  between  the  two  valves.  G  is  the  valve  that  opens  the  communi- 
cation between  the  bottom  of  the  small  cylinder  B  and  the  top  of  the  large 
cjrlinderA,  when  the  piston  thereof  is  to  be  pressed  down.  H  is  the  valve 
that  returns  the  steam  from  above  to  below  the  large  piston,  when  the  piston 
is  to  ascend.  And  I  is  the  exhaustion-valve,  to  carry  off  the  steam  to  the 
coodeoier. 

When  the  engine  makes  its  dovm-stroke,  the  upper  valve  at  F  is  opened, 
aad  admits  the  steam  from  the  case  to  press  upon  the  small  piston,  the  valve 
Gbdag  opened  at  the  same  time,  which  suffers  the  steam  to  pass  from  the 
Boder  side  of  the  small  to  the  upper  side  of  the  large  piston ;  and  the  valve  I 
B  opened  to  make  a  passage  from  beneath  the  great  piston  to  the  condenser. 
Tme  three  upper  valves,  F,  G,  I,  open  at  the  same  instant  of  time. 

When  both  pistons  arrive  at  the  bottom  of  their  respective  cylinders,  these 
three  valves  are  shut  altoeether,  and  the  lower  steam-valve  at  F  is  opened, 
to  retom  the  steam  from  sS>ove  to  below  the  small  piston,  the  valve  H  doing 
the  same  to  the  large  cylinder,  and  both  pistons  return  in  equilibrio  by  the 
coooter-weight ;  but  the  upper  valve  at  F  can  be  shut  off  at  any  part  of  the 
stioke,  according  to  the  loaa  of  the  engine. 

Thow  who  are  conversant  with  steam-engines  will  per- 
ceive, from  the  passing  of  the  steam,  as  above  described,  from 
the  upper  to  the  lower  side  of  each  of  the  pistons  respectively, 
that  the  engines  atWIiealVor,  and  at  Wheal  Abraham,  are 
at  present  working  with  a  single  stroke.  Were  these  engines 
woridng  double,  the  steam  would,  on  the  down-stroke,  be 
made  to  pass,  the  same  as  before  described,  from  the  under 
iide  of  the  small  to  the  upper  side  of  the  large  piston,  steam 
from  the  boiler  in  the  mean  time  coming  in  upon  the  small 
piston,  and  the  under  side  of  the  lai^  piston  being  open  to 
the  condenser;  but  on  the  up-stroke,  the  action  would  be 
<fiffereDt  from  what  we  have  described,  for  the  steam  would 
pass  from  the  top  of  the  small  cylinder  to  beneath  the  large 
piston,  while  steam  would  be  admitted  from  the  boiler  under 
the  small  piston,  the  top  of  the  large  cylinder  being  open  to 
the  condenser. 

The  boilers  which  Mr,  Woolf  employs  in  his  engines  are 
different  from  those  of  other  engines  which  work  with  steam 
<tf  a  low  pressure,  the  water  being  contained  in  small  cy Un- 
ocal tubes  of  cast-iron,  which  are  filled  with  water,  and 
exposed  to  the  flame  nearly  in  an  horizontal  position. 

^Ir.  Woolf  has  a  patent  for  this  boiler,  which  the  specifica- 
tion states  to  consist  of  two  or  more  cylindrical  vessels, 
properly  connected  together,  and  so  disposed^  as  to  constitute 
a  strong  and  fit  receptacle  for  the  water  intended  to  be  con« 
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verted  into  steam  of  a  temperature  and  under  a  pressorQ 
uncommonly  high,  and  also  to  present  an  extensive  portion 
of  convex  surface;  to  the  current  of  flame  and  heated  air  from 
a  fire;  likewise  of  other  large  cylindrical  receptacles  placed 
above  the  former  cylinders,  and  properly  connected  with 
them^  for  the  purpose  of  containing  some  water  and  the 
steam. 

These  cylindrical  vessels  are  set  in  a  furnace  so  adapted  to 
them,  as  to  cause  the  greater  part  of  the  surface  of  each  of 
them,  or  as  much  of  the  surface  as  may  be  convenient,  to 
receive  the  direct  action  of  the  fire,  or  heated  air  or  flame. 

Figs.  199  and  200  represent  one  of  these  boilers  in  its  most  simple  fbnn. 
It  consists  of  eight  tubes  marked  a,  made  of  cast-iron,  or  any  other  fit 
metal,  which  are  each  connected  with  the  larger  cylinder  A,  placed  abore 
them,  as  is  shown  in  the  side  view,  fig.  200,  in  which  the  same  letters  refer 
to  the  same  parts  as  in  fig.  199.  In  fig.  200  is  also  shown  the  manner  in 
which  the  fire  is  made  to  act.  The  fuel  rests  on  the  grate-bars  at  B,  and 
the  flame  and  heated  air,  being  reverberated  from  the  part  above  the  two 
first  smaller  cylinders,  go  under  the  third,  over  the  fourth,  under  the  fifth, 
over  the  sixth,  under  the  seventh,  and  partly  over  and  partly  under  the 
eighth  small  cylindric  tube,  all  which  tubes  are  full  of  water.  The  direc- 
tion of  the  flame,  until  it  reaches  the  last-mentioned  tube,  is  shown  by  the 
dotted  curved  lines  and  arrows.  When  it  has  reached  that  end  of  the 
furnace,  it  is  carried  by  the  flue,  O,  to  the  other  side  of  a  wall,  built 
beneath  the  main  cylinder  A,  in  the  direction  of  its  length,  and  the  flame 
then  returns  under  the  opposite  end  of  the  seventh  smaller  cylinder  over 
the  sixth,  under  the  fifth,  over  the  fourth,  under  the  third,  over  the  second, 
and  partly  over  and  partly  under  the  first,  when  it  passes  into  the  chimney. 
The  wall  before-mentioned,  which  divides  the  furnace  longitudiDally, 
answers  the  double  purpose  of  lengthening  the  course  which  the  flame  and 
heated  air  have  to  traverse,  giving  oflT  heat  to  the  boiler  in  the  p'assa^,  and 
also  of  securing  the  flanges,  or  other  joinings,  employed  to  umte  the 
smaller  tubes  to  the  main  cylinder,  from  being  injured  by  the  fire.  The 
ends  of  the  small  cylindric  tubes  rest  on  the  brickwork  which  forms  the 
sides  of  the  furnace,  and  one  end  of  each  of  them  is  furnished  with  a  cofer, 
secured  in  its  place  by  screws  and  a  flauch,  but  which  can  be  taken 
off"  at  pleasure,  to  allow  the  tubes  to  be  cleared,  from  time  to  time,  from 
any  incrustation  or  sediment  wnich  may  be  deposited  in  them. 

To  any  convenient  part  of  the  main  cylinder  A,  a  tube  is  affixed,  to 
convey  the  steam  to  the  steam-engine.  In  working  with  such  boilers,  the 
water  carried  off*  by  evaporation  is  replaced  by  water  forced  in  by  the 
usual  means  for  a  high  pressure  boiler,  that  is,  a  forcing-pump ;  and  the 
steam  generated  is  carried  to  the  place  intended  by  means  of  pipes  co0- 
nccted  with  the  upper  part  of  the  cylinder  A.  In  the  specification,  means 
are  pointed  out  for  applying  this  plan  to  the  boilers  of  steam-engines 
already  in  use,  by  ranging  a  row  of  cylinders  beneath  the  present  boiler,  and 
connecting  them  with  each  other,  and  with  the  boiler.     Directions  are  also 

fiven  for  constructing  boilers  composed  of  cylinders  disposed  vertically, 
n  every  case  the  tubes  composing  the  boiler  should  be  so  combined  and 
arranged,  and  the  furnace  so  constructed,  as  to  make  the  fire  and  flame  art 
around  and  over  the  tubes,  so  as  to  embrace  the  largest  possible  quantify 
of  ihcir  surface.     It  mu?t  be  obvious  to  any  one,  that  the  tubes  may  bo 
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iMde  of  any  kind  of  metal ;  but  cast-iron  is  the  most  convenient.  The  size 
€f  the  tubes  may  be  yaried ;  but  in  every  case,  care  should  be  taken  not  to 
Bike  the  diameter  too  g^reat ;  for  it  must  be  remembered,  that  the  larger 
die  diameter  of  any  single  tube  •  is  in  such  a  boiler,  tlie  stronger  it  must  be 
Bade  in  proportion,  to  enable  it  to  bear  the  same  expansive  force  of  steam 
as  the  smaller  cylinders.  It  is  not  essential,  however,  to  the  invention, 
that  the  tubes  should  be  of  different  sizes ;  but  the  upper  cylinders,  espe- 
cially the  one  which  is  called  the  steam  cylinder,  should  be  larger  than  the 
lower  ones,  it  being  the  reserv<nr,  as  it  were,  into  which  the  lover  ones 
Kod  the  steam,  to  be  thence  conveyed  away  by  the  steam-pipe.  The 
fi)Uowing  general  directions  are  ^ven  respecting  tlie  quantity  of  water  to  be 
kept  in  a  boiler  of  this  construction ;  viz.  it  ought  always  to  fiU,  not  only 
the  yrMe  of  the  lower  tubes,  but  also  the  great  steam  cylinder  A,  to  about 
hdf  its  diameter,  that  is,  as  high  as  the  fire  is  allowed  to  reach ;  and  in  no 
case  ^oiild  it  be  allowed  to  get  so  low,  as  not  to  keep  the  vertical  necks, 
or  branches,  vrhich  join  the  smaller  cylinders  to  the  great  cylinder,  full  of 
water,  for  the  fire  is  only  beneficially  employed  when  applied,  through  the 
Bedinm  of  the  interposed  metal,  to  water,  to  convert  it  into  steam ;  that  is, 
the  purpose  of  the  boiler  would  in  some  measure  be  defeated  if  any  of  the 
parts  of  the  tubes  which  are  exposed  to  the  direct  action  of  the  fire,  should 
present  a  sorfece  of  steam  in  their  interior,  instead  of  water,  to  receive  the 
transmitted  heat.  This  must,  more  or  le^  be  the  case,  wheoever  the  lower 
tubes,  and  even  a  part  of  the  upper,  are  not  kept  filled  with  the  water. 

Respecting  the  furnace  for  this  kind  of  boiler,  it  should 
alwmys  be  so  built  as  to  give  a  long  and  waving  course  to  the 
flame  and  heated  air,  forcing  them  the  more  effectually  to 
strike  against  the  sides  of  the  tubes  which  compose  the 
boiler,  and  so  to  give  out  the  greatest  possible  portion  of 
their  heat  before  thev  reach  the  chimney.  Unless  this  be 
attended  to,  there  will  be  a  much  greater  waste  of  fuel  than 
necessaiy,  and  the  heat  communicated  to  the  contents  of  the 
boiler  will  be  less  from  a  given  quantity  of  fuel. 

When  very  hi^  temperatures  are  not  to  be  employed,  the 
^iod  of  boUer  just  described  is  found  to  answer  very  well ; 
but  where  the  utmost  force  of  the  fire  is  desirable  for  pro- 
dadng  tiie  most  elastic  steam,  the  parts  are  combined  m  a 
Mfianner  somewhat  different,  though  the  principle  is  the  same. 
l-A  the  Philosophical  Magaziney  vol.  xvu.  p.  ^,  is  a  descrip- 
tion and  drawing  of  a  boiler  of  this  kind,  two  of  which  were 
erected,  in  1808,  at  Messrs.  Meux's  brewery. 

In  every  case  Mr.  Woolf  uses  two  safety-valves,  at  least, 
u  ids  apparatus,  to  prevent  accidents;  a  precaution. which 
caamot  be  too  strongly  enforced,  as  it  may  happen,  when  but 
o>ne  18  employed,  that  by  some  accident  it  may  get  locked, 
Slid  the  engine  and  people  about  it  be  exposed  to  the  danger 
of  aaexplc^ion. 

h  those  engines  of  Mr.  Woolf's  which  we  have  seen,  he 
^*°ploy8  boilers  like  the  one  described,  viz.  viith  two  small 
*^^  beneath^  which  are  full  of  water,  and  exposed  to  the 
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immediate  action  of  the  flame,  commmucatfng  by  perpett' 
dicular  necks  or  branches  with  the  large  cylinder  above, 
which  has  water  in  the  lower  part,  and  steam  i&  the  upper. 
The  onhr  difierence  from  wbal  we  have  abore  dederibea  19, 
that  the  tower  and  npper  tabes  are  placed  hi  the  saone  Erec- 
tion, mstead  of  being  at  right  angles  to  each  other;  and  the 
flame  proceeds  in  uie  directicm  cf  their  length,  instead  of 
etfdssing  then;  the  lower  or  water  tabes  are  rather  hieliued 
tipt^r£.  The  metal  of  these  tabes  is  made  very  thicfc^ 
with  a  view  to  strength  and  durabiSty. 

The  idea  of  making  boilers  for  raising  strong  steam  by  a 
number  of  small  tubes,  which  can  be  macb  stninger  thair  one 
large  vessel,  is  not  or^;fntd  with  Mr.  Woolf,  Mi'.  Btaltey,  of 
whom  we  have  before  spoken,  having  proposed  it  in  a  small 
tract  which  he  published  in  French,  at  the  Hague,  in  1776* 
But  his  tubes  were  to  be  placed  over  eaeh  otho',  in  an 
inclined  direction,  and  the  water,  beittg  admitted  at  Hhe  upper 
end,  ran  down  within  the  heated  inclined  tubes,  and  became 
converted  into  steam. 

Wool/'s  regulating  steam-valve. — ^Besides  the  common 
safety-i^ves,  Mr.  Woolf  has  also  introduced  a  valve  of  a  new 
construction  into  the  steam-pi^  itself,  to  re^^ate  the  quan- 
tity that  shall  pass  from  the  boder.  In  fact,  it  is  a  self-acting 
ateam^regiilator,  and  extremely  ingenious. 

A  (fig.  201)  is  a  part  of  the  great  or  steam  cylinder  of  one  of  Mr.  Woolf*' 
boilers ;  B  "B,  the  neck  or  outlet  for  the  steam,  surmounted  by  a  steam-boi 
C,  which  is  joined  to  the  neck  B  B,  by  the  flanges  a,  a.  The  top  or  corei 
of  the  steam-box  C,  marked  with  the  letter  D,  is  well  secured  in  its  plact 
and  has  a  hole  through  it  for  the  rod  of  the  valve  to  pass ;  and*  the  interiot 
of  the  hole  is  formed  to  a  box  to  hold  a  stuffing,  and  make  the  rod  work  up 
and  down  steam-tight,  the  stuffing  being  kept  in  its  place  by  means  of  a 
collar,  screwed  down  in  the  usual  way,  as  shown  in  the  figure.  By  meaztf 
of  a  pin  b,  and  the  two  vertical  pieces  e,  e,  the  sliding-valve  rod  is  made  &st 
to  lit,  which  is  a  close  cover  to  the  hollow  cylinder  n  n.  The  corer  m  fits 
steam-tight  into  the  conical  seat,  at  the  upper  end  of  a  collar  o  o,  whidi  is 
made  fast- to  the  flange  a  a,  and  descends  into  the  neck  of  the  boiler,  fomang 
a  barrel,  in  which  the  cylinder  fits  close.  The  cylinder  n  n  is  open  at 
bottom,  having  a  free  communication  with  the  steam  in  the  boiler  A ;  and 
it  has  three  vertical  slits  cut  through  the  sides,  one  of  which^  S,  is  shown  in 
the  pllrte.  The  sum  of  the  area  of  all  these  slits  or  openings  is  equal  to  the 
area  of  the  opening  of  the  seat  or  collar  0  o,  in  whidi  the  cylinder  n  »  woiks. 

When  die  steam  acquires  a  sufficient  degree  of  elastic  force  to  raise  tht 
valve,  (that  is,  the  cylinder  n  n,  with  its  cover  m,  and  the  rod  R,)  together 
with  whatever  weight  the  rod  may  be  loaded,  then  the  openings  S,  rising 
above  the  steam-tight  collar  or  seat  0  0,  allow  the  steam  to  past  into  the 
steatn-box  C,  and  to  flow  off  to  the  engine  through  the  pipe  N.  But  the 
quantity  of  steam  that  passes  is  proportioned  to  the  elastic  force  it  has 
acquired,  and  the  weight  with  which  the  valve  is  loaded ;  because  the  rist 
of  (he  openings,  S,  above  the  collar  0  0,  will  be  in  that  proportion. 
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TVs  falre  may  be  loaded  by  applying  weights  in  any  of 
the  usual  methods ;  but  Mr.  WooUT  prefers  the  one  shown  in 
the  drawbgy  in  which  the  upper  part  of  the  rod  R  is  joined, 
by  means  of  a  dma,  to  a  quadrant  of  a  circle  Q,  for  the  pur- 
pose of  carrying  a  pendulum  weight  Z,  that  admits  of  being 
mored  nearer  to  or  fiirther  firom  the  centre  of  the  quadrant, 
ftccordm^  as  the  pressure  of  the  valve  is  wished  to  be  increased 
or  diminished. 

As  the  falfe  rises,  the  weight  moves  upwards  in  the  arc  nn,  giving  a 
eoQtiiiiially  increased  resistance  to  the  father  rising  of  the  valve,  propor- 
tiopcd  to  the  horizoot^  distance  of  the  weight  from  the  centre  of  Q,  of 
vkidi  the  weight  attains  a  continual  increase  by  its  rise  in  the  arc,  accord- 
ing to  the  horizontal  distances  measured  on  the  line  Q  p,  pressing  through 
the  centre  of  the  weight  by  perpendiculars  from  the  horizontal  line. 

ThnSf  if  the  weight  Z  presses  down  the  valve  m  vrith  a  force  equal  to 
90  pounds  OS  the  tquafe  mch  of  the  aperture  in  o  o,  in  its  present  position, 
when  it  rises  to  the  position  at  i,  it  will  press  with  a  rorce  equal  to  30 
pOQodsy  and  at  /»,  with  a  force  equal  to  40  pounds  on  the  square  inch ;  so 
that  the  rod  Z  may  be  made  to  serve  at  the  same  time  as  an  index  to  the 
pmoD  who  attends  the  fire,  nothing  more  being  necessary  for  this  purpose 
than  to  graduate  the  arc,  described  by  the  end  of  the  rod  Q  Z,  by  experi- 
9uaal  trials.  In  the  side  of  the  steam-box  C  there  is  an  opening,  N,  to 
^Qow  the  steam  to  dass  from  it  by  a  pipe  to  the  steam-engine. 

It  »  plain  that  tne  adjustment  of  the  positive  pressure  on  this  valve 
en  he  determined  by  sliding  the  weight  Z  of  the  pendulum  to  a  greater 
or  leas  distance  frook  the  centre  of  motion.  A^ain,  to  adjust  the  rate  of 
the  increasinff  forces,  so  as  to  correspond  with  Uie  increasing  force  of  the 
steam,  the  radius  of  the  quadrant,  Q,  must  be  apportioned  to  the  diameter 
of  die  valve  and  the  opening  of  the  slits,  S,  so  that  the  ascent  of  the  weight, 
Z,  IB  its  qnadrmnt  will  be  correspondent  to  the  varying  pressure.  This 
sdiostmeBl  most  be  made  as  nearly  as  it  can  be  done  before  the  valve  is 
mi;  and  to  bring  it  afterwards  to  an  exact  regulation,  the  chain  is 
attached  to  the  rod,  R,  by  a  nut  and  screw ;  by  means  of  which,  any  part 
of  the  arc  can  be  used  msd  is  found  most  correspondent  with  the  varying 
pvessnre,  becanse  the  rate  at  which  the  resistance  of  the  lever  increases  is 
■oie  lanid  when  the  pendulum  is  near  to  the  perpendicular,  than  when  it 
sppmadies  the  horizontal  position. 

The  tame  eObci  may  be  produced,  by  making  the  slits  in  the  side  of  the 
cylinder  narrower  at  the  lower  part  of  the  cylinder,  instead  of  being 
fwilel 

BKLL-CRANK  XNGINK. 

MiBSRs.  BouLTON  and  Watt,  soon  after  the  expiration  of 
theb  patent  ft>r  effecting  condensation  in  a  separate  vessel, 
inCnHhced  a  fbrm  of  engine,  called  the  bell- crank  engine, 
of  which  we  ahidl  represent  so  much  as  is  necessary  to 
exhHiit  the  iteration  in  the  mode  of  construction. 

Fig.  30)  is  a  side  view  of  the  engine.  A  B  C  is  the  bell-crank,  there 
hting  another  exactly,  similar  part  on  the  other  side,  moving  upon  a  fixed 
—^,  C;  the  end  A  D  is  joined  to  a  cross-piece  whidi  works  the  piston-. 
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rod  in  the  cylinder.  £  serves  for  the  air-pump,  and  G  for  the  cold-water 
pump^  and  the  hot-water  pump  may  be  worKed  upon  the  same  bar.  The 
connecting  rod  from  B  to  H  is  supposed  to  be  attached  to  the  crank  of  the 
fly-wheel  at  H.  Engines  of  this  aescriptiou  are  mostly  constmcted  with 
sUde  or  D  ralvjes,  which  are  worked  by  the  beam  AC.  This  form  of 
engine  does  not  possess  anv  particular  advantages  otherwise  than  those 
arising  from  compactness,  which  are  not  of  sufficient  weight  to  counter- 
balance the  increased  friction.  It  was,  in  some  few  instances,  at  the 
commencement  of  steam  navigation,  applied  to  boats,  but  it  was  found  to 
answer  not  so  well  as  the  double-beam  engine. 

VIBRATING  BN6INB. 

With  a  virw  to  do  away  with  the  beam  of  the  engine, 
and  to  communicate  the  motion  direct  from  the  piston-rod 
to  the  fly-wheel  crank,  a  form  of  engine  has  been  constructed, 
which,  in  engines  of  small  dimensions^  where  the  piston-rod 
can  be  made  of  sufficient  strength  compared  with  the  weight 
of  the  cylinder  that  is  to  vibrate,  have  answered  tolerahly 
well.  We  have  seen  one  of  about  one-horse  power,  which 
had  been  at  work  four  years. 

Fig.  203.  A  is  the  cylinder,  B  the  piston-rod,  C  the  crank,  D  the  fly- 
wheel, £  a  stand  supporting  the  cylinder  pivot  F,  which  has  a  similar  one 
on  the  opposite  side.  One  of  these  pivots  is  formed  like  the  key  of  a  four- 
way  cock,  having  a  communication  to  the  top  and  bottom  of  the  cylinder. 
By  the  movement  of  the  piston,  the  cylinder  is  caused  to  vibrate,  to  turn  the 
crank  and  fly-wheel,  and  the  steam  passes  alternately  to  the  top  and  bottom 
of  the  cylinder,  by  the  two-way  axes  on  which  the  cylinder  vibrates. 

When  engines  of  this  construction  are  formed  of  any 
considerable  size,  there  is  a  danger  of  bending  the  piston- 
rod,  and  in  vibrating,  the  weight  of  the  cylinder  loosens  its 
fitting  in  the  sttiffing  collar  of  the  cylinder-cap. 

ROTATORY  ENGINE. 

All  steam-en^es  as  yet  noticed,  have  their  action  pro* 
duced  by  the  movement  of  a  piston  in  a  cylinder,  and  act  by 
wh^t  is  called  a  reciprocating  motion,  in  en^ea  of  this 
description,'  a  very  considerable  degree  of  power  is  ex- 
pended in  arresting  the  motion  of  the  different  working  parts, 
and  putting  them  into  action  in  a  direct  contrary  course: 
this  has  claimed  much  attention  from  engineers,  and  man? 
attempts  have  been  made  to  construct  an  engine  in  wiu^ 
the  action  of  the  steam  should  operate  in  a  continuous  manner, 
without  bringing  the  parts  to  a  state  of  rest. 

The  most  pbvious  mode  of  attaining  this  object,  is  the  producing  a 
rotatory  motion.  One  of  the  most  simple  engines  on  this  construction  is 
represented  in  fig.  204,  where  two  sections  are  shown,  the  one  at  right 
angles  to  the  revolving  shaft,  the  other  parallel  to  it,  the  same  letters  in 
both  denoting  the  same  parts.    U  U  U  U  is  a  cvrcuiar  steam-cas^  with  <be 
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^0  esds  endoied  by  tbe  drcuiar  plates  WW,  tltrough  which  the  thtft 
R  pQMes.  To  R  is  attached  by  four  arms,  S  S  S  S,  the  ring  P  P,  in  which 
die  hoB  or  flat  pieces,  A  and  B,  are  fixed  on  hinges  tmned  steam-tight,-  bul 
capable  of  being  shut  in  upon  the  rine,  as  A,  or  opening  and  closing  the 
tteaai-eoutae  OOOO,  as  B.  To  eadi  of  these  £6ar  pieces  iu  attached  a 
tail  or  tripping  piece,  C  and  D,  which,  during  their  revolution,  touch  the 
stud  £,  ana  raises  Uieir  respectiye  &ns  into  the  steam-way,  as  shown  by  the 
dotted  fan  at  A',justaf^er  it  has  passed  the  steam  aperture,  I.  The  passage 
to  the  condenser  is  represented  at  N;  G  b  a  camb-piece  attached  to  the 
omer  case,  and  fitting  in  a  steam-t^t  manner  upon  P  P  P  P,  serving  to 
dose  the  fims  as  they  come  round.  The  steam  entering  at  I  presses  upon 
G  and  A*,  which  is  supposed  to  have  been  just  raised  to  that  position,  and 
fcrces  it  round, together  with  the  ring  P  PP  P,  and  the  centre  shaft  R,  until 
it  pas^  the  aperture  through  which  the  steam  issues  to  the  condenser,  prior 
to  which  the  other  hn,  B,  passes  the  steam-way,  and  obtains  a  position  to 
BMeive  the  action  of  the  steam,  and  continue  the  motion. 

The  steam- way,  O  O  O  O,  may  be  considered  to  be  a  cylinder  bent  round, 
and  the  &ns,  as  they  obtrude  themselves,  act  the  part  of  a  piston,  receiving 
the  impulse  of  the  steam  always  on  the  one  siae,  and  effecting  the  con- 
densation always  on  the  other.  It  being  requisite  that  the  steam-w»y 
ibould  have  some  teimination,  the  obstacte,  G,  is  indispensable,  and  the 
movement  of  the  fiuis  upon  hinges,  or  some  other  mo^e,  to  pass  such 
obstacle,  is  unavoidable ;  and  therefore,  from  being  thus  compelled  to  move 
the  |uece  acting  as  a  piston  continually  to  and  from  its  fittings,  it  becomes 
citremely  difficult  to  maintain  those  fittings  steam-tight.  This,  together 
vith  the  steam-vray  not  being  capable  of  receivinff  the  cylindrical  form^ 
an  iaoonveniences  of  great  moment.  It  has  been  found,  therefore,  that  in 
Buintamisg  engine^  of  this  construction  in  a  working  condition,  great 
difficulties  arise,  which  hitherto  have  not  been  surmounted ;  and  as  at  present 
these  engines  exist  to  no  useful  end,  we  shall  refrain  from  describing  them 
fimher.  -,  ' 

HIGH-PRESSURS   ENGINES. 

If  water  be  urged  greatly  by  fire,  steam  of  greater  prCB- 
mre  is  obtained;  and  it  has  been  long  known,  that  the- 
extent  of  the  pressure  increases  in  a  greater  ratio  than  the 
expenditure  of  heat,  which  has  been  an  inducement  to  many 
to  attempt  to  use  steam  at  excessive  pressures.  The  pres- 
ttircs  generally  allowed  in  high- pressure  engines,  is  not  more 
than  30,  40,  and  seldom  exceeds  50  pounds  to  Uie  inch. 

In  engines  where  the  pressure  is  so  great,  the  weight  of 
the  atmosphere  is  not  taken  into  account,  and  the  mode  of 
effecting  the  motion  of  the  piston  is,  by  allowing  one  end  of 
the  cylinder  to  be  open  to  the  air,  whilst  the  steam  acts  on 
the  opposite  side  of  the  piston.  By  this  mode  of  operation, 
all  the  parts  appertaining  to  the  promotion  of  condensation, 
are  di^ensed  with,  and,  consequently,  the  expense  of  making 
those  parts,  the  friction  caused  by  their  operations,  and  the 
attention  which  was  necessary  to  their  well-being,  is  entirely 
>ayed.  This  ffives  to  the  engine  a  peculiar  degree  of  sim* 
piicity,  bat  it  is  unfortunately  attended  with  some  danger. 
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Steam,  was  applied  in  this  mode  ao  early  as  the  year  17H 
and  is  described  by  Leupold,  in  hb  Theatrum  Machinarum 
Ifydraulicarwnj  vol.  iL  p.  93.  The  engine  thus  described^ 
h  formed  with  two  cylinders^  having  pistons  fitted  and 
attached  to  two  separate  beams^  whose  other  ends  are  con- 
nected with  two  force-pmnps.  Between  the  two  cylinders  is 
afonr-way  cock,  and  as  the  pbtons  are  weighed  and  brought 
down  to  the  bottom  of  each  cylinder^  it  is  evident  that  by 
means  of  this  cock^  the  steam  can  be  let  on  alternately  to  the 
bottom  of  each  cylinder,  whilst,  at  the  same  time,  the  oppo- 
site cylinder  to  that  in  which  the  steam  is  admitted  h^  a 
oonununication  with  the  atmosphere.  Thus,  by  turning  the 
cocks,  the  two  pistons  are  alternately  raised  by  the  steam,  and 
permitted  to  descend  by  the  loading  of  weights  attadied  to 
their  other  end.  This  simple  construction  of  high  pressure 
nuqr  be  placed  on  a  par  with  Newcomen's  condensing 
enffine. 

Mr.  Watt  presents  to  our  notice  this  mode  of  using  tht 
direct  action  pf  steam,  in  the  latter  part  of  his  specification,  in 
1769;  but  the  most  coounoni^lication  of  Idgh-pressure 
steam,  of  late  years,  is  used  in  a  form  of  engine  invented 
by  Mr.  Trevitheck,  for  the  purpose  of  applvmg  this  power 
to  locomotion.  He  obtain^  a  patent  for  it,  in  union  with 
Mr.  Vivian,  in  the  year  18(12.  This  engine,  firom  its  compact- 
ness, b  peculiarly  applicable  to  thb  purpose,  as  it  requires  no 
condensmg  water,  which  would  be  an  insurmountable  bar  to 
its  introduction. 

Fig.  205  presents  a  section  of  this  form  of  engine.  A  B  is  die  boiler, 
A>  a  safety-ralve,  C  D  the  cylinder,  £  the  four-waj  cock,  G  the  passage 
from  the  boiler,  H  the  passage  to  the  chimney,  O^  forthe  tiit  of  thft  sttaiL 
Siasibur-way  cock,F  die  passage  to  the  top,  and  K  the  passage  to  the  bsi- 
torn  of  the  cylinder.  M  the  piston,  N  the  piston-rod,  O  the  connecting  rod, 
joined  to  the  cranks  of  the  fly-wheel.  The  beam  R  is  worked  by  the  con- 
necting rod,  which  has  the  rod  of  a  small  force-pump  S  attached  to  it,  aetiof 
on  the  other  side  of  the  boiler,  and  forcing  water  along  Q  U  into  the  bofltr 
by  I.  The  fire-place  is  behind  the  chimney,  as  seen  in  the  new,  and  is 
surrounded  on  all  sides  hj  the  boiler.  Fig.  206  is  a  section  of  the  cylindv 
at  right  angles  to  the  section  at  fig.  205.  The  four- way  cock  is  moved  by 
means  of  a  lever  on  its  axis,  which  is  struck  by  a  tapit  upon  a  rod  from  w 
cross-piece  C^.  It  must  be  understood  that  there  is  another  oonncctii| 
rod  and  crank  on  the  &rther  side  of  the  engine,  and  that  the  beam  O 
connects  them. 

This  engine,  we  conceive,  requires  little  elucidatixm.  Hie 
four-way  cock  permits  the  steam  to  pass  alternately  to  the  tw 
and  bottom  of  the  cylinder  by  the  passages  F  and  K,  and 
aflbrds  it  egress  by6^:  and  the  cold  water  coming  to  supj^ 
the  boiler,  surrounding  it  on  aU  sides^  ind>ibes  its  heat|  iqr 
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vUch  means  the  boiler  is  fed  with  water  of  a  much  higher 
temperature,  and  the  steam  is  condensed  in  H^  by  which  a 
more  rapid  exit  is  obtain^  for  it. 

This  kind  of  engine  was  expressly  intended  for  working 
canriages.  A  locomotive  engine  was  made  by  Mr.  Treve^ 
iheck,  in  South  Wales,  in  1804,  and  was  tried  upon  the  rail-* 
roads  at  Merthyr  Tydrall.  It  drew  after  it  as  many  carriages 
as  carried  ten  tons  of  bar  iron  for  a  <Ustance  of  nine  miles^ 
without  any  further  supply  of  water  than  that  contained  in 
the  boiler  at  setting  out,  travelling  at  the  rate  of  five 
miles  per  hour.  Since  that  period  they  have  been  tried  in 
miny  places  upon  ndl-roads,  but  their  mtroduction  had  not 
become  general  until  1811,  when  Mr.  Blenkuisop,  proprietor 
of  the  Middleton  Coal-works,  which  supply  the  town  of 
Leeds,  adopted  them  for  convejring  the  coals  on  his  rail-road. 
Mr.  Bleukinsopy  when  he  adopted  the  locomotive  engine,  took 
up  the  common  rails  on  one  side  of  the  whole  length  of 
^be  road,  and  replaced  them  with  nuls  which  had  oogs  on 
thdr  npper  surface.  These  cogs  are  cast  at  the  same  time 
with  the  rails,  and  are  hollow  beneath^  to  be  as  light  as  is  con« 
sisteotwith  strength  and  durability.  The  pitch  of  the  cogd 
is  six  inches,  so  that  each  rail  of  three  feet  in  length  has  only 
six  cogs.  A  wheel  which  is  fixed  on  an  axis  which  would  be 
that  of  the  fly-wheel  at  one  side  of  the  carriage,  works  in  the 
teeth  of  these  rails }  the  whole  machine  is  thus  caused  to 
ftdfance  along  the  ndlway.  Many  fruitless  attempts  have 
been  made  to  produce  an  engine  capable  of  moving  carriages 
upon  common  roads;  but  ^fore  uiis  can  be  effected^  the 
numerous  parts  of  the  engine  must  be  made  more  compact, 
and  its  weight  considerably  reduced. 

ObservaHons  an  the  work,  Sfc.  Sfc.  of  steam-engines  in 
Cornwall,  from  August  1811  to  May  1815,  inclusive, 
by  Messrs.  Lean. 

Messrs.  Thomas  and  John  Lean  were  appointed  to  the 
general  superintendence;  and  the  different  proprietors, 
as  also  the  regular  engineers  of  the  respective  mines, 
engaged  to  give  them  every  facility  and  assistance  in  their 
power.  Their  fiirst  Monthly  Report  was  for  August,  1811, 
and  mcluded  eight  engines,  which  had  in  that  month  consumed 
23,061  bushels  of  coals«  and  lUted  126,126,000  pounds  of 
vito  one  foot  high,  with  one  bushel  of  coals  for  each  eag^e, 
being  an  average  duty  of  15,7^0,000  pounds  lilted  one  foot 
high  with  each  bushel  iA  coals.  In  the  months  oi  September 
and  October  the  engines  reported  were  nine,  and  in  November 


Digitized 


by  Google 


sia. 


THB  OPBRATrvH  MXCHANIC 


and  December  twdre ;  and  it  now  evidently  appeared  thai 
the  regular  publication  of  Messrs.  Lesuis'  very  useful  tabled 
liad  already  been  attended  by  some  improvements  in  the  con- 
dition of  the  engines ;  for  the  average  duty  for  December^ 
1811,  extracted  from  these  tables,  appears  to  have  been 
17,075,000  pounds. 

In  January,  1812,  the  number  of  engines  reported  was  fonr- 
teen,  and  by  the  end  of  that  year  they  were  increased  to  nine- 
teen ;  and  the  average  duty  performed  by  all  the  engines  m 
die  last-mentioned  month  had  advanced  to  18,200,000pound8. 

In  1813,  the  number  of  engines  included  in  tiie  Monthly 
Reports  continued  to  increase,  till  in  December  they  were  29, 
and  the  average  work  20,162,000. 

During  some  of  tiie  months  of  1814,  the  en^es  reported 
were  32,  and  the  average  duty  performed  during  December 
was  19,784,000  pounds  lifted  one  foot  high  with  each  bushel 
of  coals. 

The  table  which  is  subjoined  is  an  abstract  from  Messrs. 
Leans'  Reports,  and  has  been  formed  by  first  counting  how 
many  engines  are  reported,  as  in  January  1815, 32  engines ; 
then  adding  up  the  column  containing  the  quantity  of  coals 
consumed  by  all  the  engines  during  the  month,  and  putting 
down  the  amount,  110,824;  in  like  manner  adding  up  the 
column  of  pounds  lifted  by  each  engine  one  foot  high  by  one 
bushel  of  coals,  the  amount  of  which  was  637,320,990 ;  and 
lastly,  dividing  the  latter  quantity  by  32,  the  number  of 
engines  at  work,  to  obtain  the  average  duty  performed,  viz. 
19,916,250  pounds. 


TABLE. 


Nnmberof 
Engine*  re- 
ported. 

BiMbelfof 

coabcon- 

cumed  by^ll 

the 

engine*. 

BoiheU  of 

coab  apon 

which  the 

report  U 

founded. 

Pounds  of  water 

lifted  one  foot 

high  by  the 

<?onk»o 

reported. 

Avertaeof 

one  footbigb 

witheMb 
basbelofood! 

1811.  August 
Septemb«r 
October 
November 
December 

1812.  Januaty 
February 
March 
April 

8 

9 

9 

12 

12 

23,661 
25,237 
24,487 
30,998 
39,545 

8 

9 

9 

12 

12 

126,126,000 
125,164,000 
121,910,000 
169,340,000 
204,907,000 

15,760,000 
13,900,000 
13,540,000 
15,770,000 
17,075,000 

14 
15 
16 
16 

50,089 
54,349 
59,140 
62,384 

14 
15 
16 
16 

237,661,409 
260,514,000 
274,222,000 
276,233,000 

16,972,000 
17,900,000 
17,138^)00 
17,260,000 
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BiMhebor 

BinheUor 

Foumbofwrnter 

Avtrafeof 

Nianbrr    of 

co«tocon< 

coftlmpon 

Ufted  one  foot 

peonds  ItAcd 

Engines  re- 
ported. 

•umedbyaU 

which  the 
report  i| 

W^ly^. 

one  foot  hiKh 

.    ., 

en^. 

founded. 

reported. 

biuhelof«o«U 

ISn.  May 

16 

^^1,903 

16 

273,546,000 

17,096,000 

June 

n 

60,410 

17 

288,076,000 

16,940,000 

Jufy 

17 

51^74 

17 

300,441,000 

t7,677,000 

August 

17 

44,256 

17 

314,753,000 

18,510,000 

September 

18 

46,536 

18 

348,396,000 

19,355,000 

October 

18 

53,941 

18 

321,900,000 

17,883,000 

rvovenber 

21 

57,176 

21 

381,460,000 

18,160,000 

December 
f813.  Jkntaij 

19 

55,784 

19 

341,803,000 

18,200,000 

19 

60,400 

19 

363,906,000 

19,153,000 

February 

22 

58,044 

22 

438,737,000 

19,940,000 

March 

23 

73,862 

23 

440,642,000 

19,157,000 

^ 

23 

61,789 

23 

431,032,000 

18,700,000 

24 

58,890 

24    . 

463,346,000 

19,300,000 

June 

24 

53,110 

24 

470,157,000 

19,590,000 

July 

23 

56,709 

23 

443,462,000 

19,281,000 

August 

21 

50,110 

21 

476^98,000 

19,852,000 

September 

22 

58,008 

22 

427,148,000 

19,415,000 

October 

26 

74,796 

26 

488,671,000 

18,795,000 

November 

28 

77,135 

28 

537,958,000 

19,212,000 

1814.  January 

29 

86,273 

29 

584,721,000 

20,162,000 

28 

91,753 

28 

550,751^000 

19,670,000 

Fibniaiy 

26 

78,986 

26 

536,677,000 

20,641,000 

Mardi 

28 

109,904 

28 

565,406,000 

20,193,000 

April 
Mky 

29 

91,607 

29 

576,617,000 

20,325,000 

28 

79,437 

28 

569,319,000 

20,305,000 

June 

30 

75,343 

30 

626,669,000 

20,888,000 

July 

27 

85,224 

27 

573,208,000 

21,229,000 

August 

26 

70,443 

26 

545,019,000 

20,960,000 

September 

27 

78,167 

27 

560,608,000 

20,763,000 

Oetober 

32 

75,080 

32 

630,704,000 

19,709,000 

November 

32 

82,000 

32 

637,322,000 

19,916,000 

Beoember 
ins.  Jamteiy 

29 

84,669 

29 

573,744,006 

19,784,276 

S2 

110,824 

32 

637,320,990 

19,916,250 

Fdmvy 

33 

101,667 

33 

710,271,250 

21,523,370 

Mbr^ 

34 

117,342 

34 

706,071,990 

20,766,820 

is? 

35 

105,701 

35 

695,212,340 

19,863,210 

34 

107,530 

34 

669,299,t40 

20,479,350 

From  the  foregOinff  table  it  appears  that  the  average  duty  ot 
the  engmes  reported^  exclusive  of  Weolfs  patent  engine^  is 
at  thb  time  about  20  mUlions. 

We  have  purposely  onutted  Woolf  s  patent  engine,  because 
one  of  the  ends  intended  to  be  gained  by  the  Monthly  RepoH 
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of  work  actually  done  by  the  engines  employed  inihe  mines, 
particularly  in  puinping,  was  to' know  the  comparative  merit 
of  Woolf  8  engine  with  two  cylinders  when  contrasted  with  the 
steam-engines  in  common  use.  One  of  Mr.  Woolf  s  engiues 
has  .been  lately  erected  at  Wheal  Vor  mine,  of  53  inches 
diameter  in  the  great  cylinder,  (the  smaller  cylinder  beii^ 
about  one-fifUi  of  the  contents  of  the  great  one,)  and  nine 
feet  stroke.  According  to  Messrs.  Leans'  Report  for  May,  the 
duty  performed  by  the  engine  alhided  to,  was  49,999,882 
pounds  lifted  one  foot  with  every  bushel  of  coals  consumed ; 
and  by  letter  we  are  informed  (for  the  printed  Report  has  not 
yet  reached  us)  that  the  duty  performed  by  Woolf  s  engine  m 
the  month  of  June  was  50,333,000. 

Thus  it  appears  that  the  average  duty  of  the^atent  engine 
for  the  months  of  May  and  June  was  &fty  millions,  while  die 
aggregate  average  duty  of  the  other  engines  is  only  twenty 
millions.  From  this  it  is  evident  that  Mr.  Woolf  s  improve- 
ments on  the  steam-engine  wHl  be  productive  of  much  benefit 
to  the  mining  interests  of  the  kingdom.  On  some  of  the  large 
mines,  when  this  engine  shall  have  come  into  general  use, 
which  it  must  do  sooner  or  later,  the  saving  in  fiiel  only  will 
add  to  the  yearly  dividends  among  the  proprietors  several 
thousand  pounds  sterling.  Nor  is  this  all ;  the  expense  that 
will  thus  be  saved  will  prevent  numbers  of  mmes  fr6m 
stopping  work  ;  and  will  be  the  means  of  setting  many  again 
to  work  which  have  ceased  on  account  of  the  expense  neces- 
sary to  keep  them  free  from  water. 

B>  Messrs.  Leans'  Report  for  January,  (1816,)  the  average  work  of  S3 
engines  was  20,694,630  pounds  of  water  lined  one  foot  high  for  each  bushel 
of  coals  consumed.  Woolfs  engine  at  Wheal  Vor  during  the  same  mooth 
lifted  47,900,333  pounds,  and  his  engine  at  Wheal  Abraham  47,622,040 
pounds  one  foot  high  with  each  bushel  of  coals. 

By  the  Report  for  February,  the  average  work  of  34  engines  wis 
20,667,398  pounds  lifted  one  foot  with  each  bushel  of  coals,  Woolfs 
engine  at  Wheal  Vor  lifted  45,493,303 ;  and  the  one  at  Wheal  Abraham 
45,896,382  pounds  one  foot  high  with  each  bushel. 

Having  examined  into  the  construction  of  the  several  kinds 
of  engines  in  general  use,  we  shall  forbear  to  mention  the 
steps  of  every  speculatist  who  has  attempted  improvements 
in  this  machine^  and  which  have  for  years  filled  our  pe- 
riodical publications  with  plans^  possessing  more  or  less 
ingenuity. 

Calculations  with  respect  to  the  power  of  steam  are  of  great 
importance ;  but  practical  people  are  well  aware  that  they 
cannot  be  attended  with  accuracy.  We  have  already  shown 
that  the  amount  of  actual  force  expended  in  steam-pressures, 
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can  be  ascerUuned.  with  great  accuracy,  by  gauges  and  safety- 
Talres ;  but  the  resulting  disposable  power  is  not  so  easily 
discovered,  as  the  friction  of  the  various  parts  vary  greatly 
according  to  the  state  wUch  they  are  in.  The  state  of  the 
condensation^  in  condcBsing  engines,  ^ives  a  more  or  less 
perfect  vacuum,  which  will  vary  notwithstanding  the  utmost 
vigilance.  It  has  been  generally  set  down,  among  engineers, 
that  nearly  one  half  of  die  power  of  steam  must  be  deducted 
from  the  disposable  force ;  therefore,  suppose  an  engine  of 
24  inch  piston,  the  area  of  which  will  be  452  square  inches, 
has  a  perfect  vacuum,  as  exhibited  by  the  barometer  of  the 
condenser,  and  the  weight  of  the  atmosphere,  denoted  by  the 
weatber-barometer,  be  about  fourteen  poimds,  and  the  steam- 
gauge  on  the  boiler  stands  at  about  two  inches,  which  is  an 
indication  of  two  pounds  pressure,  we  may  estimate  that  there 
is  17  lbs.  per  square  inch  pressing  upon  the  piston .;  therefore 
17  X  452  =  7684  lbs.  on  the  piston,  half  of  which  being 
deducted  for  allowance  of  friction,  leaves  a  disposable  force 
of  3842  lbs.  moving  through  the  distance  at  the  same  rate  in 
which  the  piston  moves ;  which  force  being  divided  by  Messrs. 
Bdton  and  Watt's  estimate  of  a  horse-power,  will  give  the 
nominal  power  of  such  engine.  In  high-pressure  engines, 
where  the  steam  is  not  condensed,  what  is  indicated  by  the 
steam-gauge  of  the  boiler  only,  must  be  estimated  as  the 
power  acting  upon  thepiston. 

That  the  increments  of  power  take  place  in  a  quicker  ratio 
than  those  of  the  temperature,  has  been  long  known ;  and 
.an  ingenious  mechanic  of  the  present  day  has  attempted  to 
.  uie  steam  at  rery  high  pressures.  Without  entering  into  a 
rdesciiptioo  of  the  obstacles  he  met  with,  we  will  briefly  ob- 
serve, that  the  requisite  strength  of  the  parts  to  withstand 
the  pressure,  conjoined  to  the  excessive  heat,  present  ob- 
stacles not  easily  to  be  overcome. 

The  reciprocating  motion  in  steam-engines  is  a  loss  of 
power  whicn  cannot  be  denied.  For  .the  momentum  of  the 
beam  and  other  parts  passing  in  one  direction  have  suddenly 
to  be  arrested  wd  moved  in  the  opposite  direction,  which 
pcodoces  a  loss  of  power.  Rotatory  action  has  been  sought, 
therefore,  with  propriety,  but  has  not  yet  been  obtained  with 
adfantage. 

Messrs.  Bonlton  and  Watt,  in  the  introduction  of  the 
steam-engine  into  many  works  where  the  power  of  horses 
was  used,  were  obliged  to  take  into  consideration  the  number 
of  horses  used  for  any  particular  purpose,  in  order  to  ascer- 
iain  the  amount  of  force  wanted.    Upon  the  conclusiob  of  ,a 
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numerous  set  of  experiments  they  decided^  that  a  hone, 
working  eight  hours  a  day,  was  capable  of  rabing  33,000  lbs. 
one  foot  high,  in  a  minute.  Therefore,  by  dividing  the  num- 
ber of  pounds  an  engine  can  lift  one  foot  high  in  a  minute,  it 
will  give  the  amount  of  horses'  powinr  to  v^ch  that  engine  is 
^qual. 

Ao  entire  view  of  an  engine  of  the  construction  tenned  portable,  is  repre- 
^Dted  at  fig.  20f  .  A  is  ^  cylinder,  B  the  air-pump,  C  the  colo-water 
pump,  D  the  hot-water  pumpi  £  the  botm,  F  the  connecting  rod,  G  the 
^yr.wheel,  H  the  eccentric  shaft,  and  I  the  governor. 

It  would  occupv  many  volumes  todeseribe  Hxe  various  forms 
of  construction  of  engines  which  bave^  since  the  knowledge  of 
the  power  of  steamy  be^n  contrived ;  and  the  ipformiation  such 
descriptionB  would  convey  would  bei  comparatively  speaking, 
p(  very  little  value,  «8  tiie  majority  of  them  have  arisen  firom 
men  ignorant  at  the  principles  of  the  action  of  the  machine, 
and  whose  productions  diould  be  classed  as  fudle  alterations. 

In  attempting  any  improvements,  the  principles  of  action 
should  first  be  taken  mto  consideration.  In  condensing 
engines  tbe  movement  is  e&cted  by  the  alternate  increase 
and  decrease  of  temperature,  the  perfection  of  bbtii  of  which 
is  of  great  importance.  The  pnmary  point  to  be  aimed  at, 
tiierefore,  is  the  maintaining  of  high  temperature  whilst  the 
steam  is  forcings  and  reducing  it  suddenly  when  the  conden- 
sation i9  to  be  effected.  This  was  taken  into  conaideratioa 
in  the  construction  of  Newcomen's  engine^  and  was  most 
effectuallv  attained  by  Mr.  Watt. 

Hie  other  parts  of  tiie  engine  may  be  examined  with  ariew 
of  improvement^  by  Considering  tiieir  weight  and  friction, 
and  by  the  si^stituting  of  a  rotatory  instead  of  a  reciprocating 
motion. 

Simplicity  of  construction  cannot  be  too  strongly  recom- 
mended in  all  mechanical  combinations ;  for  there  are  many 
contrivances  which  would  certainly  be  deserving  of  the  name 
of  improvements,  were  they  n(4  mi^plicable  on  account  of 
their  intricacy. 

Attempts  havefrequentiy  been  made  to  avoid ibe^nse  of  the 
jur-pump,  which  takes  up  a  considerable  portion  of  the  power  of 
an  engine.  A  water  baaometer,  adapted  to  the  amdenser,  has 
))e^n  sometimes  adopted ;  and  a  fiill  of  water  has  been  made 
to  pass  over  tiie  upper  edges  and  down  the  orifice  of  a  tube^ 
forcing  the  air  before  it.  The  upper  end  of  this  tube  com- 
municates with  the  eduction  pipe,  and  is  said  to  suppoit  a 
vacuum  of  considerable  rarity.  £xposing  the  steam  which  is 
|o  b^  condensed  to  an  increased  sumce  by  passing  it  aloiig 
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tabes  snfnmnded  by  water,  or  amongst  tubes  containing 
water,  has  likewise  been  frequently  adopted.  Indeed  the  ex- 
posure of  considerable  sm&ce  to  receive  heat  in  the  generation 
of  steam,  and  the  same  to  abstract  it  in  condensation,  have 
heen  subjected  to  frequent  trial.  That  an  advantage  is  to  be 
procured  by  the  adoption  of  such  plans  is  undoubted;  but  to 
attam  such  increased  surfoce  an  intricacy  in  the  parts,  we 
fear,  must  be  ado|^ted,  which  will  more  than  counterbalance 
the  advantages  gamed. 

Hie  valves^  or  those  parts  of  an  engine  which  direct  the 
dstribution  of  the  steam,  have  always  had  the  attention  of 
ei^;ineers,  and,  as  we  have  shown,  many  elegant  combinar- 
tioDs  have  resulted  from  their  ingenuity. 

Id  running  a  steam-engine,  attention  should  be  given  to  the 
working  parts.  The  cylinder  should  be  packed  with  clean 
hemp  mi  the  best  tallow,  and  frequently  examined  to  see 
diat  the  packing  is  in  order.  The  steps  of  the  fly-wheel, 
Bhaft,  and  of  the  crank,  beam,  &c.  should  be  frequently  cx- 
ammed,  and  kept  well  oUed  with  sp^rm  oU,  which  is  the  best 
for  all  machinery.  These  parts  must  be  kept  from  dust,  and ' 
if  dry  grindstones  are  driven  in  the  mill,  the  dust  must  be  care- 
folly  l^xed  off  from  the  e  n^e.  The  use  of  sand  on  the  floor 
of  an  engine-house  should,  for  the  same  reason,  be  dbpensed 
with. 

The  method  of  starting  an  engine  is,  first  to  shut  the  con- 
denring  cock^  then  to  open  all  the  valves  to  let  the  steam 
pass  bto  die  jacket,  into  the  cylinder,  through  the  eduction 
pipe  bto  the  condenser,  and  out  at  the  blow-valve,  in  order 
to  expel  the  air  from  all  the  parts,  and  get  them  to  a  proper 
temperature,  which  will  be  shown  by  the  steam  issuing  from 
the  blow- valve ;  for  previously  to  the  parts  being  sufficiently 
wanned,  the  steam  in  its  progress  becomes  cond^sed. 

When  all  the  parts  are  heated,  the  injection  water  may  be 
let  on,  and  a  vacuum  procured  on  one  side  of  the  piston^ 
wfaidi  produces  instant  action. 

The  lever  of  the  throttle-valve,  which  is  ultimately  to  be 
attached  to  the  governor,  should,  on  jstarting  the  engine,  be 
hdd  by  the  hand  of  the  attendant  until  the  work  is  thrown  ou^ 
and  the  engine  baa  acquired  regular  motion. 
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PROWN'S  VACUUM,  OR  PNEUMATIC  ENGINE. 

Havikg  conduded  our  account  of  the  steam-engine,  we 
^hall  now  proceed  to  g^ve  a  description  of  the  engine  at)ove- 
mentioned,  which  has  recently  claimed  much  attention  from 
the  mechanical  part  of  society.    It  is  represented  in  fig.  206. 

AA  a  beam,  capable  of  vibratinff  upon  a  centre  a(  B. 
C  and  C^  two  chambers,  formed  of  metal,  of  sufficient  strength  to  resist 
ihe  pressure  of  the  atmosphere  (about  14  lbs.  to  the  square  inch)  upon  its 
extemgl  surfiice,  and  having  the  caps  C^d  suspended,  one  at  each  end  of 
the  beam,  capable  of  closing  each  ot  these  chambers  in  an  air-tight  manner. 
The  chamber  C^  is  shown  in  section. 

E  E  and  E*  E*  are  two  pipes,  containing  valves  opening  upwards, l^dinj 
and  affording  a  communication  from  the  vessels  F  and  F'  with  each  of  the 
ishambers  C  and  C .  These  vessels,  F  and  F^  contain  floats,  F'  F*,  attached 
to  the  beam  AA,  by  rods  which  receive  motion  (rom  the  floats  ;  to  these 
rods  are  attached  the  slides  1 1,  to  dose  alternately,  at  each  vibration  of  the 
beam,  the  apertures  h  h-  The  pinspp,  attached  to  one  of  the  rods  from  the 
floats,  give  motion  to  the  small  vibrating  tube  R,  which,  by  the  rods  R*  R' 
attached  to  the  cranks  in  the  chamber  S,  alternately  opens  and  closes  the 
pipes  S^  S^,  communicating  with  the  vessels  F  and  F>. 

I)  D  is  a  pipe  leading  m>m  the  gasometer,  branching  off  at  D^  D^ioto 
the  two  chambers  C  and  C^,  for  the  purpose  of  supplying  the  gas  that  is  to 
i>e  consumed  in  effecting  the  vacuum.  This  supply  can  be  admitted  or 
ahut  off  by  means  of  the  cocks  D*  D',  which  open  and  close  by  cranks, 
-worked  by  the  movement  of  the  bean). 

G  G  two  other  branch-pipes,  supplied  with  gas  from  the  ffasometer,  and 
ending  in  a  jet  at  each  end.  By  the  slantine  direction  of  the  ends,  it  is 
evident,  that  tne  flames  from  these  jets  will,  when  their  respective  orifices 
^  A  be  open,  protrude  into  the  chambers  C  and  C*. 

K  aqd  K^  are  two  pipes,  affording  a  communication  from  the  outer  air  to 
Ihe  interior  of  each  of  the  chambers  C  and  O ;  their  outer  ends  are 
papable  of  being  c1ose4  by  means  of  the  cranks  n  n,  whidi  are  attached  \rf 
chains  to  the  floats  F'  F*. 

The  mode  of  operation  consists  in  allowing  the  gas  to  pass  from  the 
gasometer  along  one  of  the  branches  of  the  pipe  D  D,  and  thence  into  one 
of  the  chambers  C  or  C^  (suppose  C\)  where,  by  the  jet  of  ignited  gas  pay- 
ing in  die  orifice  A,  it  becomes  ienited,  and  by  its  combustion  rarefies  and 
expelji  a  considerable  portion  of  the  atmospheric  air  from  that  chamber. 
Suppose  now  the  cap  of  the  chamber  be  put  down,  and  by  the  movement  of 
ihe  rod  attached  to  the  float  the  orifice  h  and  gas-pipe  D  be  closed,  the 
jcombustfon  will  immediately  cease,  and  leave  therein  a  partial  vacuum.  The 
atmosphere  beginninp^  now  to  press  upon  the  vessel  F,  will  cause  so  ipach 
pf  the  water  to  pass  from  it  into  the  chamber  C*  as  will  nearly  compensate 
|he  vacuum,  when  the  valve  through  which  the  water  passed  being  dosed, 
imd  communication  between  the  interior  of  the  chamber  and  the  open  air 
effected  by  the  opening  of  K>,  the  water  contained  in  the  diamber  flows  froa 
thence  through  the  aperture  u,  and  affords  power,  by  its  fall  and  weight,  to 
the  overshot  water-wheel  W.  From  hence  it  passes  into  the  vessel  S,  and 
Anally  is  admitted  by  $■  $■  into  F  or  Fi,  leaving  the  engine  in  a  conditioo 
(p  fei^ew  the  operation, 
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B^tDfpectmg  the  pUde  it  will  be  seen^  that  when  the  cap  of  one  chamber 
croMS,  the  sereral  openings  to  the  same  chamber  close  with  it ;  and  hv  the 
rising  of  the  other  end  of  the  l>eam  the  similar  openings  to  the  other  cham- 
ber are  opened,  and  prepared  for  a  like  opeiation.  It  will  also  be  seen 
that  the  production  ot  this  motion  is  attained  by  the  rising  of  the  two  floats 
m  the  dtambeis  F  and  F^. 

Tbe  advantages  to  be  derived  from  this  engine,  as  detailed 
m  the  descriptive  outline  of  the  inventor,  are, 

First,  ^'  The  quantity  of  gas  consumed  being  very  small,  the 
expense  of  woriang  the  engine  is  moderate.  In  its  application 
an  land  the  saving  will  be  extremely  great,  the  cost  of  the 
coal  gas  (deducting  the  value  of  the  coke)  being  inconsider- 
iUe.  The  expense  of  working  a  marine  engine  will  certainly 
be  greater,  as  the  gas  used  for  that  purpose  must  be  extracted 
from  oil,  pitch,  tar,  or  some  other  substance  equally  portable, 
yet  even  in  this  case,  it  will  not  equal  the  cost  of  the  fuel 
required  to  propel  a  steam-boat ;  and  as  a  few  butts  of  oil  will 
be  8u£Bcient  for -a  long  voyage,  vessels  of  the  largest  tonnage 
may  be  propelled  to  ti\e  most  distant  parts  of  the  world. 

Secondly,  ^<Tbe  engine  is  light  and  portable  in  its  construc- 
tion, the  average  weight  being  less  than  one-fifth  the  weight 
of  a  steam-engine  (and  boiler)  of  the  same  power.  It  ^so 
occupies  a  much  smaller  space,  and  does  not  require  the 
^prection  of  so  strong  a  building,  nor  of  a  lofty  chimney.  In 
vessels,  the  saving  of  tonnage  will  be  highly  advantageous, 
both  in  the  smaller  comparative  weight  and  size  of  the 
engme,  and  in  the  very  reduced  space  required  for  fuel. 

Thirdly,  **  This  engine  is  entirely  free  from  danger.  No 
boiler  being  used,  explosions  cannot  take  place,  and  as  the 
quantity  of  gas  consumed  is  so  small,  and  the  only  pressure 
that  of  the  atmosbhere,  it  is  impossible  that  the  cylinder  can 
burst,  or  the  accidents  incidentsd  to  steam-boats  occur. 

*'  The  power  of  the  engine  (being  derived  from  the  atmo- 
Mphenc  pressure  of  ten  pounds  and  upwards  upon  the  square 
indi)  may  be  increased  with  the  dimensions  of  the  cylinders, 
to  any  extent,  and  always  ascertained  by  a  mercurial  gauge. 

*^  It  is  scarcely  necessary  to  allude  to  the  well-known  fact, 
that,  after  deducting  the  friction  arising  &Y)m  the  uie  of  the 
air  and  cold-water  pumps,  &c.  &c.  the  general  available 
power  of  the  condensing  steom-eng^e  is  from  seven  to  eight 
pounds  per  square  inch. 

**  The  cost  of  the  machine  will  be  more,  particularly  as 
eonsttucted  for  raising  water  ;  it  is  therefore  jpeculiarly 
adapted  for  (vaining  fens,  &c.  or  supplying  reservoirs.  The 
expense  of  wear  and  tear  will  also  be  considerably  less  than 
that  of  the  steam-engine,  and  when  occasionally  out  of  order. 
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H  may  be  repaired  at  a  trifling  ooaL  and  with  bnl  Btde 
delay/' 

In  examining  the  effects  of  this  engine,  we  cannot  to  acer- 
tun  extent  withhold  our  approbation  ;  for  the  patentee  hii 
undoubtedly  effected  and  applied  a  vacuum,  produced  by 
ignition,  in  a  manner  different  and  more  manag^Ie  than 
any  attempts  that  have  hitherto  come  to  our  kaowledga 
The  prolnu>ility  of  its  entering  efficiently  into  competilioa 
with  the  steam-power,  is  a  question  that  requires  de  date 
of  experience,  which,  in  this  early  state  of  the  inveotioOi 
cannot  be  procured. 

We  understand  it  is  the  intention  of  the  inventor  to  apply 
the  effects  of  the  vacuum  thus  produced  to  the  movement  ot  a 
piston  in  a  cylinder,  which  object  will,  when  attained^  afford 
a  much  greater  scope  for  the  application  of  its  powers,  ani 
render  it  peculiarly  aj^licable  to  locomotion.  The  ob^ade 
which  at  present  suggests  itself  to  the  attainment  of  th'is  ead 
is,  the  dimculty  of  procuring  a  rapid  condensation  wiUioi^ 
allowing  cold  water  to  enter  the  cylinders  at  each  stroke, 
which  m  the  present  form  of  construction  is  allowed,  and 
which  greatly  aids  the  operation  by  keeping  the.  chsunben 
entirely  cool.  Without,  however,  seeking  for  obstadei) 
we  wish  the  ingenious  inventor  success  in  surmountu^ 
them. 


ON  THE  STRENGTH  OF  MATERIALS 

An  accurate  knowledge  of  the  following  experiments 
made  by  Mr«  George  Rennie,  Jun.,  and  communicated  by  him 
in  a  letter  to  Thomas  Young,  M.  D.  For.  Sec.  R.  S.,  is  of  so 
much  importance  in  the  construction  of  machines,  that  we 
have  extracted  it  from  the  Transa4:tiom  of  the  Bm^cU  Society; 
to  which  we  have  annexed  some  useful  notes  by  Mr.T. 
Tredgold. 

^'  b  presenting  the  result  of  the  foUoiiring  experiments,'^ 
^ays  Mr.  Rennie,  ^^I  trust  I  shall  not  be  considered  as  deviating 
from  my  subject,  in  taking  a  cursory  view  of  the  labours  a 
others.  The  knowledge  of  the  properties  of  bodies  wbidi 
come  more  immediately  under  our  observation,  is  so  instro- 
mental  to  the  pro^ss  of  science,  that  any  ^proximation  to 
it  deserves  our  senous  attention.  The  Royal  Society  appears 
to  have  institutedf  ^  ao  ^y  period^  fiome  experiments  oo 
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tfab  nUeety  bot  ther  have  recorded  little  to  tud  ii8.  Emerson, 
in  his  Mechanics,  has  laid  down  a  number  of  rule«  imd 
^Fpinximationg.  Profeasor  Robison  iu  bis  excellent  treatise 
in  the  JBtuycIopitdia  Britanmcoy  Banks  on  the  Po ver  df 
Madunes,  J>r.  Anderson  of  Glasgow,  Colonel  Beaufoy,  &o. 
are  those,  amongst  our  countrymen,  who  have  given  the 
lesolt  of  dieir  experiments  on  wood  and  iron.  The  subject, 
however,  appears  to  have  excited  considerable  att^tion  on  the 
cmitiiient.  A  theory  was  published  in  the  year  1638,  oy 
Galileo,  on  the  resistance  of  solids,  and  jrobsequently  by  nymy 
other  philosophers.  But  however  plausible  these  investiga- 
tions i^peared,  they  were  more  theoretical  than  practical,  as 
will  be  seen  in  the  sequel.  It  is  only  by  deriving  a  theory 
from  car^il  and  wdl-directed  experiments,  that  practical 
resuks  can  be  obtained.  It  would  be  useless  to  enumerate 
tiie  labours  of  those  philosophers,  who,  in  following,  or  varying 
from  the  steps  of  Galileo,  have  merely  tended  to  obscure  a 
subject  respecting  which  Uiey  had  no  (lata  to  proceed  upon. 
It  is  sufficient  to  enumerate  the  names  of  those  who,  in  con- 
junction  with  our  own  countrymen,  have  added  their  labours 
to  the  little  knowledge  we  possess.  The  experiments  of 
Buflbn,  recorded  in  the  Annals  of  the  Academy  of  Sciences  at 
Paris,  in  the  years  1740  and  17^1,  were  on  a  scale  sufficiently 
large  to  justify  every  conclusion,  had  he  not  omitted  to  ascer- 
tain the  direct  and  absolute  strength  of  the  timber  employed. 
It  however  appeared  from  his  experiments,  that  the  strength 
of  the  ligneous  fibre  iis  nearly  in  proportion  to  the  specific 
gravity.  Muschenbroeck,  whose  accuracy  (it  is  said)  entitled 
him  to  confidence,  made  a  number  of  experiments  on  wood 
and  iron,  which,  bv  being  tried  on  various  sjiecimens  of  the 
same  materials,  afforded  a  mean  result  considerablv  higher 
than  other  prevbus  authorities.  Experiments  have  also  been 
made  l^  Mariotte,  Varignon,  Perronet,  Ramus,  Rondelet, 
Ganthey,  Navier,  Aubry  and  Texier  de  Norbeck,  as  also  at 
the  Ecole  Pofytechnique,  under  the  direction  of  M.  Prony. 
With  such  authorities  before  us,  it  might  be  deemed  presump^r 
tion  in  me,  to  offer  you  ift  communication  on  a  subject  which 
had  been  previously  treated  of  by  so  many  able  men.*    But 

*  It  b  trae  that  tlie  tubyect  hai  been  considered  by  many  able  philosor 
pheit,  fiom  Galileo  down  to  the  present  period,  but  it  is  only  lately  that 
the  pTOf>er  object  of  attentigo  has  been  ascertained;  or  at  least  the  results 
ot  their  inquiries  had  not  been  brought  forward  in  a  practicable  form.  For 
when  Dr.T.  Young  published  his  Lectures,  there  was  little  on  the  subject 
hesidcathe  intricate,  and  I  may  add  unsatisfiKStory,  iuTCStigations  of  Euler 
and  Lagrange.    As  to  the  resistance  tofractoie,  which  with  the  greatet  paft 
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whoever  has  had  occasion  to  investigate  the  principles  upon 
which  any  edifice  is  constracted,  where  the  combination  of  its 
parts  are  more  the  result  of  uncertain  rules  than  sound  prin- 
ciple, will  soon  find  how  scanty  is  our  knowledge  on  a 
Biu>ject  so  highly  important.  The  desire  of  obtaining  some 
approximation,  which  could  only  be  accomplished  by  repeated 
trials  on  the  substances  themsdves,  induced  me  to  undertake 
the  following  experiments. 

A  bar  of  the  best  English  iron,  abput  ten  feet  long,  was  selected  and 
formed  into  a  lever,  whose ^crum  is  denoted  by/,  fig.  209.  The  hole  wu 
•accurately  bored,  and  the  pin  turned,  which  suffered  it  to  moye  freely.  Tite 
standard  A  was  firmly  secured  by  the  nut  e  to  a  strong  bed  plate  of  cast- 
iron,  made  firm  to  the  ground.  The  lever  was  accurately  airided  in  its 
lower  edge,  which  was  made  straight  in  a  line  with  the  fulcrum.  A  point, 
or  division  D,  was  selected,  at  five  inches  from  the  fulcrum,  at  which  place 
was  let  in  a  piece  of  hardened  steel.  The  lever  was  balanced  by  a  weight, 
and  in  this  state  it  was  ready  for  operation.  But  in  order  to  keep  it  as  level 
as  possible,  a  hole  was  drilled  through  a  projection  on  the  bed  plate,  large 
enough  to  admit  a  stout  bolt  easily  through  it,  which  again  was  prevented  from 
tuminff  in  the  hole  by  means  of  a  tongue  t  fitting  into  a  corresponding  grooTe 
in  the  hole.  So  that,  in  order  to  preserve  the  level,  we  had  only  to  move 
the  nut  to  elevate  or  depress  the  bolt,  according  to  the  size  of  the  specimen. 
But  as  an  inequality  of  pressure  would  still  arise  from  the  nature  of  the 
apparatus,  the  body  to  be  examined  was  placed  between  two  pieces  of  steei» 
the  pressure  being  communicated  through  the  medium  of  two  pieces  of  thick 
leather  above  and  below  the  steel  pieces,  by  which  means  a  more  equal 
contact  of  surfaces  was  attained.  Tne  scale  was  hung  on  a  loop  of  iron, 
touching  the  lever  in  an  edge  only.  I  at  first  used  a  rope  for  the  balance 
weight,  which  indicated  a  friction  of  four  pounds,  but  a  chain  diminished 
the  friction  one  half.  Every  movable  centre  was  well  oiled.  Of  the  resist- 
nnces  opposed  to  the  simple  strains  which  may  disturb  the  quiescent  state 
of  a  boay,  the  principal  are  the  repulsive  force,  whereby  it  resists  com- 
pression, and  the  force  of  cohesion,  whereby  it  resists  extension.  On  the 
former,  with  the  exception  of  the  experiments  of  Gauthey  and  Rondelet,  on 
stones,  and  a  few  others,  on  soft  substances,  there  is  scarcely  any  thing  on 
record.  In  the  memoir  of  M.  Lagrange,  on  the  force  of  springs,  publidied 
in  the  year  1760,  the  moment  of  elasticity  is  representea  by  a  constant 
quantity,  without  indicating  the  relation  of  this  value  to  the  size  of  the 
spring :  but  in  the  memoir  of  the  year  1770,  on  the  forms  of  columns,  where 
he  considers  a  body  whose  dimensions  and  thickness  are  variable,  he  makes 
the  moment  of  elasticity  proportional  to  the  fourth  power  of  the  radius,  in 
observing  the  relations  oftheory  and  practice  to  accord  with  each  other.  TUs 

of  mechanical  vrriters  is  the  only  object  attended  to,  it  is  of  very  inferior 
importance. 

The  laws  of  flexure  constitute  the  chief  guide  in  the  construction  of 
buildings ;  and  the  intention  of  these  notes  is  to  call  the  attention  of  expeii- 
mentalists  to  this  part  of  the  subject ;  and  as  it  is  probable  the  ingeniocs 
author  of  the  expenroents  now  before  me  may  be  tempted  to  resume  his 
labours,  I  feel  certain  that  he  will  not  feel  displeased  to  have  his  attention 
called  to  some  interesting  points  of  inquinr,  which  he  has' either  neglected 
■io  notice,  or  has  not  given  to  the  public. — ^T.  T. 
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was  admitted  by  Euler  in  bis  memoir  of  1780^  in  bis  elaborate  inveitigation 
oftbe  forms  of  columns.  Mr.  Coulomb  bad  bowever  sbown  before  tbat 
time,  bow  inapplicable  all  tbese  calculations  were  to  columns  under  com- 
mon circumstances ;  and  you,  sir,  bave  repeated  tbe  observation  in  vour 
kctores  on  oatural  pbilosopb^.  Tbe  results  of  experiments  bave  also  been 
equally  discordant;  since  it  is  deduced  from  those  of  Reynolds,  tbat  the 
power  required  to  crush  a  cubic  quarter  of  an  inch  of  cast-iron  is  448000 
pounds  av^rdnpoise,  or  200  tons;  whereas  by  the  average  of  thirteen  ex- 
periments made  by  me  on  cubes  of  the  same  siie,  the  amount  never  exceeded 
103dt'53  lbs.  not  quite  five  tons.  This  may  be  seen  by  referring  to  the 
tables.  There  were  four  kinds  of  iron  used,  viz.  1.  Iron  taken  from  the 
centre  of  a  Urge  block,  whose  crystals  were  similar  in  appearance  and 
ugnitude  io  those  evinced  in  the  nracture  of  what  is  usually  termed  gun- 
aeul.  2.  Iron  taken  from  a  small  casting,  close  grained,  and  of  a  dull 
grey  colour,  3.  Iron  cast  horizontally  in  bars  of  }th  inch  square,  8  inches 
loDg.  4.  Iron  cast  vertically,  same  size  as  last.  These  castings  were  re- 
dw^  equally  on  every  side  to  ^  of  an  inch  square :  thus  removing  the  hard 
external  coat  usually  surrounding  metal  castings.  They  were  all  subjected 
to  a  gauge.  The  bars  were  then  presumed  to  be  tolerably  uniform.  The 
wei^ts  used  were  of  tbe  best  kind  that  could  be  procured,  and  as  the  ex- 
periment advanced,  smaller  weights  were  used. 

EsperimentM  on  eati-iron  in  eubetofi  of  an  inck,  ^H, 

Iron  taken  from  the  block  whose  specific  gravity  was  7*033. 

llto*  ttdrdapobe. 

1454 

1416 

1449 

On  specimens  of  different  lengths.    Specific  gravity  of  iron  6*977. 

1922 

2310 

slipped  with  1863  lbs.  filed  flat,  and  crushed 

wHh 2363 

ditto,   l495ditto 2005 

ditto 1407 

ditto    1743 

ditto     1694 

ditta    1439 

Jpril  23, 1817.     BapertmenU  on  cubes  of  k  of  an  huh  takeu  from  th^ 

block, 

\kI     10561 

}x|     9596 

lixi     9917 

Uxi     9020 

Castings,  horizontai.    Specific  gravity  7*113. 
fixl 16432 

loiM^i^'i {js; 

^|xi     10605 

UkI     8699 

Vertical  coatings.    Specific  gravity  7*074 . 

f|x|    bottom  of  vertical  bar 12665 

|*x|     1095a 

lll36*nJ***    l*<>8ff 

^\x^     ,,.,, 9844 

I  i  X  i  iilu  "tWe, '  Scale'  bifoke*  Vitb  10294  ; '  triid' 

L  again   lh»0( 


2116 
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A  prism,  hmriiig  a  logsritiimle  crnre  for  its  UmiU,  rciembltag  a 
columa ;  it  was  I-  of  an  inch  diameter  by  one  indi  lonf ,  broke 
with.... 6954 


jiprii  2Stk.     Triaii  anftrkwu  of^kgerttd  tengikt. 

icf    horizontal   

ic|    ditto 

^i  X  f    ditto,  bad  trial,  9006  Iba. 


oiM.n/***    horizontal   9455 

^**^*Ux|    ditto    .....v:-i— V. ^'* 

^^^^Uxi    ditto    : 10027 

Aprii  29th.     Hofixonua  enHngt, 


••••  9006 

....  8M5 

....  8368 

^xj     6430 

|x|    or  one  indi  long *  6321 

VerHealauHngM. 


ixl     .. 
*x|    ai 


9328 

8385 

iimall defect  in  the  fpecimen •••  7896 

ix\ 7018 

|x|    oroneinch •  6430 

EsperhmmU  on  dyfltrtnt  metaU. 

|x(    cast  copper,  crumbled  with 7318 

ix|    iae  ydlowbrassredttoed^  with  3213*  f  with....   10304 

|x|    wrovfhtcopper ^.•..3427'| 6440 

ixi    oasttia • -A****    552^..* 966 

ix^    castlead | 483 

The  anomaly  between  the  Ihree  first  experiments  on  }  cubes,  and  the  two 
iecond  of  a  different  length,  can  only  be  accounted  for,  on  the  difficulty  of  le* 
duciog  such  small  specimens  to  an  Muality.  The  e^terimeats  on  f  inch  prison 
of  different  lengths  glre  no  ratio.  The  ei^»eriments  on  ^  inch  cubes,  taking  sa 
average  of  the  three  first  in  each,  giye  a  propoclioa  between  them  and  the  three 
on  ^  cubes, 

as  1  :  6*096  in  the  block  castings 
as  1  :  7-352  in  the  horiiontal  ditto 
as  1  :  8*035  in  the  rertical  ditto, 
b  sereral  cases  the  proportion  is  as  the  cubes. 

The  vertical  cube  casdngs  are  stronger  titan  the  horizontal  cube  castings. 
The  prisms  usually  assumed  a  corre  similar  to  a  curre  of  tiie  third  order, 
preriuus  to  breaking. 

The  experiments  on  the  different  metals  give  no  satis- 
factory resultb.  The  difficulty  consists  iu  assigning  s 
value  to  the  different  degrees  of  diminution.  When  com- 
pressed beyond  a  certain  thickness^  the  resistance  becomes 
enormous. 

MifperhmeKU  om  the  mmpefuhtu  pf  bat9. 

The  lever  was  used  as  in  the  former  case,  but  the  metalswere  held  bynippcn> 
They  were  made  of  wrought-iron,  and  their  ends  adapted  to  receive  the  bsn, 
which,  by  being  tapered  at  both  extremities,  and  increasing  in  diameter  finm 
the  actual  section,  (if  I  may  so  express  it.)  and  the  jaws  of  the  nippera  beii^ 
confined  l>y  a  hoop,  confined  both.  The  bars,  which  wcrt  lU  iachea  bi^  aad 
f  square,  were  thus  fairly  and  firn^y  grasped. 
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Ikk  April  30. 1817. 

45  I  inch,  CMt  iron  btr,horiaont«l ll^lno^.m^. 

46ido.  do.  verticjJ 1218/"^'*^  ***• 

47  I  do.  cast  .steel  preiioiuly  Ulted 8391 

48  }  do.  blister  steel,  reduced  per  hammer    ....  8322 

49  i  do.  shear  steel,    do.    do 7977 

50  I  do.  Swedish  iron,    do.    do 4504 

51  I  do.  Eoglish  iron,    do.    do. 3492 

52  I  do.  hard  gmi-metal,  mean  of  tiro  trials  ....  2273 

53  i  do.  wrought  copper,  reduced  per  hammer . .  2112 

54  I  do.  cast  copper   1192 

55  I  do.  fine  jeUow brass.... 1123 

56  i  do.  cast  tin   296 

57  i  do.  cast  lead 114 

Remarhi  on  the  kut  experimenii. 

The  n^Sio  of  the  repulsion  of  the  horizontal  cast  cubes  to  the  cohesion  of 
keriiontal  cast  bars,  is  8*65  :  1. 

The  ratio  of  the  rertical  cast  cubes  to  the  cohesion  of  the  vertical  cast  bars, 
is  ss  9*14  : 1. 

The  average  of  the  bars^  compared  with  the  cube,  No.  16,  is  as  10*611 :  1. 

The  other  metals  decrease  in  strength^  from  cast  steel  to  cast  lead. 

The  stretching  of  all  the  wrought  bars  indicated  heat. 

The  fracture  of  the  cast  bars  was  attended  with  rery  Httle  diminution  of 
Mction,  scarcely  sensible. 

The  experiment  made  by  M.  Ph)ny  (which  asserts,  that  by 
making  a  slight  incision  with  the  file,  the  resistance  is 
diminished  one  half)  was  tried  on  a  |  inch  bar  of  English 
iron ;  tiie  result  was  2920  lbs.,  not  a  sixth  part  less. 

This  single  experiment,  however,  does  not  sufficiently  dis-^ 
pove  the  authority  of  that  able  philosopher,  for  an  inoisioa  is 
Dol  a  ifBgne  term.  The  incision  I  made  might  be  about  the 
fortieth  part  of  au  inch. 

Esperiments  on  the  twitt  qjTi  inch  bare. 
To  tSett  the  operation  of  twisting  off  a  bar,  another  apparatus  was  prepared: 
it  consisted  of  a  wrooght-iron  lerer  two  feet  long,  having  an  arched  head  about 
l-6tl  of  A  circle,  of  four  feet  diameter,  of  which  the  lever  represented  the 
iKfios;  the  centre  round  which  it  moved  hadm  square  hole  made  to  receive  the 
cad  of  the  bar  to  be  twisted.  The  lever  'was  bidanced  as  before,  and  a  scale 
hong  on  the  arched  head  ;  the  other  end  of  the  bar  being  fixed  in  a  square  hole 
ia  a  piece  of  iron,  and  that  again  in  a  vice.  The  undermentioned  weights 
npcMsat  the  quai^itj  of  weight  put  into  the  acale. 

May  30,  1817. 
On  twists  close  to  the  bearing,  cast  horizontal. 
H«.  lb*,  om.     * 

58  I  in  bars,  twisted  as  under  with 10  14  in  the  scale.^ 

&9  I  do.  bad  easting 8    4 

COido 10  11 

Average  9  15 
Cast  vertical. 

nj M    8 

Ml , 10  13 

i3|.......^ 10  11 

Average    10  lO' 
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On  different  metals. 

No.  Um*  08« 

64  Cast  Steel 17  9  m  the  scale* 

65  Shear  steel ^ 17  1 

66  BlUtcr  steel 16  11 

67  English  iron,  wrought 10  2 

68  Swedish  iron,  wrought •  9  8 

69  Hard  gan-metal   5  0 

70  Fine  yellow  brass 4  11 

71  Copper,  cast • 4  5 

72  Tin 1  7 

73  Lead I  0 

On  ttcUU  of  different  lengtht. 

Horizontal.  Vertica". 

No.                                       Wcijht  in  scale.  No.                                       Wdglkt  in  tcalr. 

74  i  by  i  long 7    3      I      77  ^  by  f  do 10    I 

75  i  by  i  do 8     1  78  ^  by  |  do 8    9 

76  i  by  I  inch  do.  8    8      |      79  i  by  1  inch  do 8    5 

Horizontal  twists  at  6  from  the  bearing. 

80  I  by  6  inches  long « 10  9 

81  k  bydo.  do 9  4 

82  i  by  do.  do 9  7 

Twists  at  §  inch  square  bars,  cast  horizontally. 

No.  qn.  lb*.  OS. 

83  I  close  to  the  bearing 3    9  12  end  of  the  bw  hard. 

84  i  do.' 2  18    0  middle  of  the  bar. 

85  §  at  10  inches  from  bearing,  lerer  in  the  \    .9^    |v 

middle    /    *^    " 

On  ttoUU  of  d^erent  materioii, 
Iliese  experiments  were  made  close  to  the  bearing,  and  the  weight!  were 
accumulated  in  the  scale  until  the  substances  were  wrenched  asunder. 
No.  Weight  in  scale.        No.  Weiglit  ki  aerie. 

86  Caststcd 19    9  91  Hard  gun-metal 5    0 

87  Shear  steel 17     1  92  Fine  yeUow  brass 4  11 

88  Blister  steel 16  11  93  Copper 4    5 

89  English  iron.  No.  1  ....  10    2  94  Tin 1    7 

90  Swedish  iron 9    8  95  Lead  ........ « 1    0 

Remarki, 
Here  the  strength  of  the  rertical  bars  stHl  predominates. 
The  aterage  of  the  two  taken  conjointly,  and  compared  with  a  ^mHar 
case  of  I  inch  bars,  gives  the  ratio  as  the  cnb^,  as  was  anticipated. 

In  the  horizontal  castings  of  different  lengths,  the  balance 
is  in  &voar  of  the  increased  lengths ;  but  in  the  yertical  cast- 
ings, it  is  the*  reverse.  In  neither  is  there  any  apparent  ratio. 
In  tiie  horizontal  castings  at  six  inches  from  the  bearing, 
there  is  a  visible  increase,  but  not  so  great  as  when  close  to 
the  bearing. 
June  4, 1817.    MUcettaneotu  esperhnente  on  the  cruek  of  one  eMe  ktek. 

Mo.  lb*.  ftToUdapoMC 

96  Elm iST 

97  American  pine^ 1606 

98  White  deal   , 1988 

99  English  oak,  mean  of  two  trials •  3860 

100  Ditto,  of  5  inches  kmg,  slipped  with • »7t 
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Ik  \h$*  atoU- 

191  fi^fi^oiUc,  of  four  ladies  loiif,slii>pedwit}i ftUt* 

W2  ApriamofFlnrtlaiidstonc2iDcli9kMi9    805 

113  Ditto,  slitiurj  marble 3216 

IM  CraigLeith 8688 

h  the  following  experiments  on  atones,  the  pressure  was  communicated 
tknmgfa  a  kind  of  pyramid,  the  base  of  which  rested  on  the  hide  leather,  and 
thit  on  the  stooe-f  '  The  lerer  pressed  «pon  the  «pcz  of  the  pyramid.    Cubed 
of  ooe  and  a  half  inch. 
^-  Spec.  grav.  lh«.  avoir. 

WSOttlk 1127 

1«(  Brick  of  a  pale  red  colour ^ 208&          1265 

197  Roe-stone,  Gloucestershire   1449 

198  Red  brick,  mean  of  two  trials    ....^ 2*168          1817 

199  Yellow  face  baked  Haounersmith  pariors,  3  times. .....  2254 

119  Barat  do.  mean  of  two  trials...., 3243 

lU  Stourbridge  or  fire  brick  ......' 336-1 

113  Derby  grit,  a  red  friable  sand-stone    2  316          7070 

113  Ditto, firom  another  quarry 2428          9776 

U4  Kmaly  white  firecatone,  not  stratified 2*423        10264 

llSPorUaad 2-428        10284 

116  Craif  Leith,  white  freestone 2*452        12346 

Jme5,6,ond7,  1817. 

117  TorksUre  paring  with  the  strata 2*507  1285o 

118  Ditto,  do.  against  the  straU ^..  2*507  12856 

119  White  statuary  nuuiile  not  Teioed    ..r..... 2*760  13632 

129  Brsmley  Fall  sandstone,  near  Leeds,  with  straU   2*506  13632 

121  Ditto,  against  th€  straU 2^506  13632 

122  Cornish  granite  2*662  14302 

123  Dandee  sandstone  or  brescia,  two  kinds 2  530  14918 

124  A  two4nch  cube  of  Portland 2*423  14918 

125  Craig  Leith  with  the  strate 2*452  15560 

12fi  Deroadiire  red  marble,  variegated 16712 

127  Compact  limestooe 2*584  17354 

128  Peterhead  granite  hard  close  grained 18636 

129  Black  compact  limestone,  Umerick , 2*598  19924 

laOPurbeck  2*599^  20610 

131  Black  Brabant  marble 2-607  20742 

132  Very  hard  frecrtone  2.528  21254 

133  White  Italian  reined  marble 2*726  21783 

134  Aberdeen  granite,  blue  kind 2625  24556 

N.  &  Tbe  specific  gniTities  were  taken  with  a  delicate  balance,  rakdc  by 

Crriglktoo  of  Glasgow,  all  with  the  exception  of  two  specimens,  which  were  by 
accident  omitted. 

In  obsernng  the  results  presented  by  tlie  preceding  table^ 
it  will  be  seen  that  Kttle  dependence  can  be  placed  on  the 

*  The  expcrimoata  on  woods  are  considerably  below  tliose  of  other  writers ; 
nd  it  appears  singular  that  the  four-inch  specimen  should  be  stronger  than  the 
iborter  length.    According  to  Rondeltt's  experiments,  to  crush  a  cubic  inch  of 
oek  it  rcqinred  from  5000  to  6000  lbs.  aroirdupoise 
ofir       .         fnmi  6000  to  7000  lbs. 

Is  the  ionner  the  pieces  were  compressed  one-third  of  their  length ;  in  the  latter 
one-half  of  their  length  (Rondelet's  L*Art  tU  B&tir,  torn.  ir.  p.  67.)  Mr.  Rennle 
Itts  not  slated  the  dim|nutk>n  of  length. 

t  it  crrtunly  would  hare  been  preferable  to  have  placed  a  hard  and  rigid 
arxt  the  stime^  in  order  to  secure  equality  of  pressure. 
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specific  gravities  of  stones,  so  fftr  as  regards  their  repdrivfl 
powers,  although  the  increase  is  certainly  in  ftovoitr  of  tbfk 
specif  gravities.  But  there  would  appear  to  be  some  unde- 
fined law  in  the  connection  of  bodies,  with  which  the  specific 
gravity  has  little  to  do.  Thus,  statuary  marble  has  a  specific 
gravity  above  Aberdeen  granite,  yet  a  r^nlsive  power  not 
much  above  half  the  latter.  Again,  hardness  is  not  altogether 
a  characteristic  of  strength,  inasmuch  as  the  limestones,  which 
yield  readily  to  the  scratch,  have  nev^theksd  a  vc^nilsive 
power  approaching  to  granite  itself. 

'  It  is  a  curious  fact  in  the  rupture  of  amorphous  stonev^ 
that  pyramids  are  formed,  having  for  their  base  the  upper 
side  of  the  cube  next  the  lever,  the  action  of  whidi  displaces 
the  sides  of  the  cubes,  precisely  as  if  a  wedge  had  operated 
between  them.  I  have  preserved  a  number  of  the  spectOAtiKV 
the  sided  of  which,  if  continued,  might  cut  the  cubes  m  the 
direction  of  their  diagonals. 

Expt^imenU  made  on  the  trtmtvene  #lftn;i  of  eatt  hart.  A^  endt  bote* 
JuneStk,  1817.* 

Weichtof  thediit.orbearUfs.  Oi- 
ban.Ibt.   os.      It.    lA.       btov. 

135  ttar  of  1  inch  square IS    6 

136  /Do.  of  1  inch  do 9    8 

137  '  Half  the  Bbovebftr * 

I3S  JBar  of  1  incbaqaare,  thraugfa  tlie  ^agonal         2    8 

139  1  Half  the  mbove  bar 

140^  jBar  of  finches  deep,  by  <§  inch  ^ck   9    5 

Ml   \  Half  the  above  bar 

*  A  bar  of  cast-iron,  from  a  Wehh  foundry,  which  did  not  yield  easily  to 
the  file,  wad  laid  upon  rapports  exicUy^tfaree  feet  apart ;  the  bar  was  an  lod 
gqnare,  and  when  308  pouDds  were  put  Into  a  aeale  snspended  firom  the  mid^ 
of  its  length,  the  deftadon  was  fbnnd  to  be  3-16thl  of  an  inch ;  whence  tU 
height  of  the  modnlus  of  elastldty  ii  6,386,688  feet  The  experiment  w 
made  by  Mr.  R.  Ebbels,  at  Garnons,  near  Hereford.  A  Joist  of  cast-iron,  aiae 
inches  deep,  resembling  in  Ibrm  the  letter  I,  was  laid  npon  sapports  19  feet 
apart,  first  on  iu  edge,  when  the  deflexion  from  its  own  ii^eight  was  3-40dM  of 
an  inch.  It  was  then  laid  flatwise,  and  the  deflexion  from  its  own  wdght  wn 
3}  inches.  Tlie  eastings  were  from  ftfeisrt.  Dowsons'  fboidry,  Edgwaie-rosd. 
Hie  iron  yielded  easily  to  the  flit.  The  height  of  the  modnlu  of  cMdtj 
*;tord!ng  to  the  expeximent  on  flie 

joist  flatwise  la         S,100,«00  fast, 

on  the  edge  is  5,700,000  feet 

The  deflexion  being  rery  small  when  the  Joiit  was  on  its  edge,  perhaps  k  wit 
not  measured  with  the  Becessarr  degree  of  accmracy,  as  a  very  amaU  error 
wo«ld  canas  the  dlftrenoe  In  the  resnh.  Ilie  Mlowinff  tablet  contaiai  tbr 
yalue  of  the  modulus  for  casl-kon,  according  to  the  experiments  abor*  iltfsd. 

Height  of  modulxti  Infect.  BxperlnMntalliiB. 

Ck8^iron  (WeWi) 6,386,688  Ebbels. 

Cam«iron 3,500,000  Banks. 

Cast-iron,  grey  French 5,095,480  Roiidelet 

Ciftt-tnMi,  soft  do 4,847,000  Kondelet 

Cast-iron- 5,700,000  By  my  trial. 
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Weight  of  the  db.  of  b«arinss.  (bk. 

b4n»     tbc.  ot.        A.    in.       mvoir. 

112  /Btf  3laclieid«ep,b3riladitblck  9  15        £    8       3»M 

143  I  Half  the  bar 1    4        fiSM 

144  Btr  4  jjickei,  by  4  lodi  tkick    9    7        2    8        3979 

145  EqoiUtenl  triaogles  with  Ihc  angle  np  and  down. 

MB  rfedgtorangle^p 9  11  0  8  1437 

147  7  aiifle4bwii .,...       9    7  2  8  840 

148  )  Half  the  fint  bar... 1  4  3059 

149  (.Ualftheaecoodbar 1  4  1656 

150  A  ff alber-edged  or  x  bar  Waa  cast  wfiotoe  ^Stneartoaa  wert 

151  f2techesdMpbT2wide 10  9       «dgBfi>3  8  3105 

BS  iHirff^  ditto 

N.  tf.  All  these  bars  eontained  the  same  area,  though  diffsrentljr  distribnted  as 
to  their  forms. 

KiperimeittM  made  on  the  bar  cf  4  inehee  deep  bff  |  inch  thick,  by  ghtng  It 
differeniforiM^  the  bearinge  «f  2  feet  8  htcheey  «t  before, 

1^  lbs.  lb«. 

153  Bar  formed  into  a  semi-ellipse,  iwlglied 7        4000 

154  Ditto,  parabolic  on  its  lower  edge 3860 

DIttD,  of  4  inches  deep  bj^  inch  thick   3979 

EtperimeiktM  on  the  tnmnene  $trtdn  of  ban,  ^ne  end  madefut,  the  weight 
behg  Mtupended  at  the  other,  at  2  feet  8  incheefrom  the  bearing. 

155  An  inch  sqnarc  bar  bore • 280 

156  Abar2tnches4eepby§aBkichthiefc    ..« 539 

U7  An  bch  bar,  the  cads  made  fast. 1173 

He  paradoxical  czperimeat  of  EmersoB  was  tried,  which  states  that  or 
catting  oir  a  portion  of  an  equilateral  triangle  (see  page  114  of  Emerson^ 
Mechanics)  the  bar  is  stronger  than  before,  (hat  is,  a  part  stronger  than  the 
whok.  The  eads  were  loose  attwo  feet  eight  iaohea  aoart  oa  before.  The  tdfge 
fiiaai  which  the  part  was  intercepted  was  lowermost,  the  weight  was  applied  on 
the  base  abore,  it  broke  with  1129  pounds,  whereas  in  the  other  case  it  bo!« 
sa!y840poniida. 

Remarhe  on  the  trafUverse  strain. 


I  makes  his  bar  from  the  capola,  when  placed  on  beatings  thr^e  feet 
aauidei,anAtheMflS  loose,  to  beat 864  lbs. 

Now  an  my  ban  wetfeeMil  ftviA  the  eupola,  thfediftaieMe  wartfaeieiore  33  lbs . 

1  adopted «  space  of  two  feet  eight  inches  asunder,  as  being  more  convenient 
lar  mf  iipparatas.  llie  strength  of  the  different  bais,  all  cases  being  the  s«me, 
sffroacbes  noutly  to  the  theory,  which  makes  the  comparathre  Talaes  as  the 
hreaA^  moltiptfed  into  the  squares  of  the  depths.  Hie  bi^res  of  the  ban 
vsre  tiM,  merely  to  keep  up  tne  analogy.  The  ba^  of  fimr  inches  deep,  bow^ 
ctcr^  tdk  Aort  of  tbeorr  by  365  pomda^  It  is  evident  we  csnast  eatead  the 
ffmm  of  III  niilhig  the  lar  mneh  lisither^  nor  does  the  theory  eaacdy  maiBtafai 
la  «hecM»  or  ihamiilslsrBi  triangle  far 243  lbs. 

Ibe  dliiiiBB]  potttioDof  the  9qnmt  bar*  is  hctoally  worM  than  when  laid  oa 


ito  side,  eoBtrary  to  maay  asssititfBS* 

Thsssmi  ^tmatitf  of  iMtid  4o  the  feather-edged  bar  was  not  so  strong  as 
itt  the  4aaMnch  bar. 

The  ismi  tlliptiral  bar,  exceeded  the  four-inch  bar,  although  taken  out  of  tt, 
TW  parabolic  bar  came  near  it. 

TW  bar  made  fast  at  both  ends,  I  suspect  most  have  yielded,  ahhongh  the 
ends  were  made  fast  by  iron  stnms.  The  experiments  from  Emerson,  on  solids 
of  different  fonns,  mlgltt  be  made ;  but  the  time  and  trouble  these  experiaiealB 
have  afatady  cost,  have  compelled  me  to  relinquish  further  parsuits  4br  tfaa 
preieaL  If,  however,  ia  the  absence  of  better,  they  are  worthy  of  the  iadal- 
fcaec  ef  dM  Koyal  Society,  It  will  not  only  be  a  coaaolation  to  wt»  that  my 
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laboun  merit  tlwir  sttentiott,  bnt  a  further  inducement  to  proieciit*^  tlie 
iureatigUion  of  useful  facts,  which,  erea  in  the  present  advanced  state  of 
knowledge,  will  yet  admit  or  addition. 

The  ^ience  of  constraction  is  yet  iu  its  infency,  and  ceiy 
tainly  requires  many  additions.  The  first  experiments  on 
the  strength  of  materials  appear  to  hare  been  mkde  before 
the  Royal  Society ;  and  there  can  be  no  doubt  that  a  fistfoar- 
able  reception  will  be  giren  to  any  others  that  will  tend  to 
elucidate  a  subject  which  is  likely  to  form  one  of  tbe  prin- 
cipal branches  of  an  engineer's  education ;  as  he  must  either 
proceed  cm  the  principle  of  science,  or  be  directed  by  a 
feeling  of  fitness,  which  is  to  be  acquired  only  by  devoting  a 
lifetime  to  the  practice  of  his  art. 


HYDRAUUC  ENGINES. 

This  term  is  applicable  to  all  machines  driven  by  the  force 
of  water  ;  consequently  we  have,  under  the  article  ^'  Water- 
miUs,"  already  treated  of  the  most  extensive  branch  of  these 
machines.  Inose  which  have  now  to  claim  our  attentioDi 
are  such  as  could  not  with  propriety  be  introduced  under 
that  head,  and  which  arc,  upon  the  whole,  of  too  much  im- 
portance, both  with  respect  to  the  conveyance  of  water,  and 
as  accessions  to  mechanical  combinations^  to  be  entirely 
omitted. 

1.  Of  all  the  hydraulic  machines  invented  by  the  ancients, 
though  Archimedes'  screw  is  the  most  curious,  the  tyngHUtttm 
raises  the  greatest  quantity  of  water  at  cmce. 

It  consists  of  a  great  hollow  wheel,  composed  of  several  pAanln  Joined 
together,  and  well  calked  and  pitched,  forming,  as  its  name  imports,  a 
kind  of  barrel  or  drum,  and  naTing  an  honxontal  axle  on  whicfa  it 
turns.  The  interior  is  divided  by  eight  partitions  into  as  many  equal 
spaces  or  cells,  each  of  whidi  has  an  onfice  of  about  half  a  foot  in  the  rin 
of  the  drum  or  wheel,  shaped  so  as  to  &cilitate  the  admusioo  of  the 
water:  there  are,  moreover,  eight  hollow  channds  tunning  coDtignooi 
to  each  other  and  parallel  to  the  axle  of  the  wheel,  each  coiretponding  to 
one  of  the  eight  large  cells,  through  which  the  v^-ater  passes  from  the  ceUt 
just  mentioned,  and  after  running  along  the  dMumels  to  a  ooaveoieol 
distance  escapes  through  orifices  into  a  reservoir  placed  juat  beneath  tk 
axle  of  the  wheel.  Thus  the  water  is  elevated  through  a  vertical  space 
equal  to  the  radius  of  the  hollow  wheel.  When  the  tympanum  is  used  to 
raise  water  from  a  running  stream,  it  is  moved  by  means  of  float-botrdi 
impelled  by  the  stream;  but  when  employed  to  raise  stasrnant  water, It 
receives  motion  from  a  foot-wheel  placed  on  the  same  shaft,  whi^  is, 
as  we  have  already  <^scribed  under  the  article  **  Foot-mill,*'  turned  by  nes 
walking  inside.    The  diief  defect  of  this  madgdoe  is,  that  it  raises  the  tfstff 
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m  dM  moot  disftdfantageous  situatioD  possible :  for  the  load  being  found 
ifva/s  towards  the  extremity  of  a  radius  of  i'.e  wheel,  the  arm  of  the 
dectire  lerer  which  answers  to  it,  increases  through  the  whole  quadrant  the 
mtr  describes  in  pasting  from  the  bottom  of  the  wheel  to  the  altitude  of 
id  oBtiv;  so  thai  the  power  most  act  in  like  manner  as  if  it  were  applied 
M  a  pjuuh-hsndtey  and,  cooM<tiientlyi  cannot  act  uniformly. 

i.  M*  de  la  Fn^y  to  lemedy  this  defect,  devised  a  ma- 
dime  which  amy  here  be  described,  together  with  the  process 
€f  KMonkg  Oat  led  to  it. 

When  w%  denlope  the  ctremnferenoe  of  a  eirde^  aeurve  is  described 
(i.  e.  the  wvoloie)  of  which  all  the  radii  are  so  manv  tangents  to  the  circW« 
ad  are  likewise  all  respectiTely  perpendicular  to  the  several  points  of  the 
carre  described,  which  has  for  its  greatest  radius  a  line  equal  to  the 
periphery  of  the  circle  eroWed.  The  truth  of  which  is  shown  by  geometric 
eaas  when  treating  of  the  genesis  of  evolute  and  involute  curves. 

Hence,  having  an  axle  whose  circumference  a  little  exceeds  the  height 
vkich  the  water  is  proposed  to  be  elevated,  let  the  circumference  of  the 
nie  be  evolved,  and  make  a  curved  canal  whose  curvature  shall  coincide 
t^oqghoot  exactly  with  that  of  the  involute  just  formed :  if  the  further 
eitTemity  of  thb  canal  be  made  to  enter  the  water  that  is  to  be  elevated, 
tad  the  other  extremity  abut  upon  the  shaft  vrhich  is  turned;  then  in  the 
ooise  of  the  rotation  the  water  will  rise  in  a  vertical  durection,  tangential 
to  the  shaft,  and  perpendicular  to  the  canal  in  whatever  position  it  may 
W.  Urns  Uie  action  <tf  the  weight  answering  alvrays  to  the  extremity  of  a 
horiiootal  radius  will  be  as  though  it  acted  upon  the  invariable  arm  of  a 
jtver,  and  the  power  which  raises  the  weight  will  be  always  the  same :  and 
if  the  ladios  due  wheel,  of  which  this  hollow  canal  serves  as  a  bent  spoke, 
B  mal  to  the  height  that  the  water  is  to  be  raised,  and  consequently  equal 
'  to  oe  drcnmlerence  of  the  axle  or  shaft,  the  power  vrill  be  to  the  load  of 
*iter  leciprocally  as  the  radius  of  a  circle  to  its  circumference,  or  directly 
a  1  to  61  nearhr. 

lo  if.  d^  fa  Aiif^9  opinion,  the  machine  ou^t  to  be  composed  of  four  of . 
ikese  canals :  but  it  has  often  been  constructed  with  eight,  as  represented 
>o  ir.  tlO.  The  wheel  being  turned  bjr  the  impulsion  of  the  stream  upon 
^  floatrboaads,  the  orifiees  F,  £,  D,  C,  &c.  of  the  cflorvilinear  canals,  dip  one 
>Acr  SMther  into  the  water  which  runs  into  them ;  and  as  the  wheel  revolves 
^  laid  rises  in  the  canals,  f,  e,  dy  e,  &c.  and  runs  out  in  a  stream  P  from 
^  holes  at  O;  it  is  received  into  the  trough  Q,  and  conveyed  from  thence 
by  pipes. 

By  this  construction  the  weight  to  be  raised  offers  always 
^  same  resistance^  and  that  the  least  possible^  while  the 
power  is  applied  in  the  most  advantageous  manner  the  cir- 
cumstances will  admit  of:  these  conditions  both  fulfilled  at 
the  same  time  fbmish  the  most  desirable  perfection  in  a 
laaddne.  Further,  this  machine  raises  the  water  by  the 
ikortest  way,  namely,  the  perpendicular,  or  vertical  5  in  this 
fcflpeet  being  preferable  to  Archimedes*  screw,  where  the 
^>ter  is  carried  up  an  inclined  path:  and  besides  this,  each 
Ttned  Aamid  in  this  wheel  empties  all  the  water  it  receives 
n  every  revolution,  while  the  screw  of  Archimedes  delivers 
.nly  a  small  portion  of  the  fluid  it  is  charged  with,  being 
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often  loaded  ^th  twenty  times  as  moch  water  as  is  discharged 
in  one  rotation ;  and  thus  requiring  au  enormous  increase  of 
labour  when  a  large  quantity  is  intended  to  be  raised  by  iU 

The  nature  and  advantages  of  this  whed  evince  very  forci- 
bly how  far  the  spectdations  of  geometers  are  from  being  so 
unfruitful  in  useml  applications^  at  b  ofiten  inttnuated  by 
practical  men. 

3.  The  wheel  just  described  would,  we  tUnk^  be  the  «Mi 
perfect  ot  any  tiiat  could  be  employed  for  raising  water,  had 
it  not  the  dteadvantage  attending  the  tympanum,  which  ia^ 
that  it  can  only  raise  water  to  the  height  of  its  semldiameier. 
As  in  many  cases  water  ia  to  be  raised  bi^^r  than  the  jidiu& 
of  any  wheel  can  well  be  made  for  practice,  we  shall  next 
describe  a  machine  called  the  Nma^  common  in  Sjpatn, 
which  raises  water  nearly  through  a  diameter.     -  -- 

Tliii  Noria  consists  of  a  Tertical  wheel  of  20  feet  diameter^  on  the 
circumference  of  which  are  fixed  a  number  of  little  boxes  or  square  buckets, 
for  the  purpose  of  raising  the  water  out  of  the  weH,  communicating  with 
the  canal  below,  and  to  empty  it  in  a  reservoir  above,  placi^d  by  the  side 
of  the  wheel.  The  buckets  nave  a  lateral  orifice,  to  receive  and  to  dis- 
charge the  water.  The  axis  of  this  wheel  is  embraced  by  four  small 
beams,  crossing  each  other  at  right  angles,  tapering  at  the  extremities, 
and  forming  ei^t  little  arms.  This  wheel  is  near  the  centre  of  the 
horse-walk,  contiguous  to  the  vertical  axis,  into  the  top  of  whidi  the  horse- 
besun  is  fixed ;  but  near  the  bottonr  it  is  embraced  oy  four  little  beams, 
forming  eight  arms  similar  to  those  above  described,  on  the  axis  of  tbe 
water-wheel.  As  the  mule  whicH  they  use  goes  round,  those  horizontal 
arms,  supplying  the  place  of  cogs,  take  hold,  each  in  succession,  of  those 
arnift  whum  aie  fixed  on  the  axis  of  the  water-wheel,  aqd  keep  it  in 
rotation. 

This  machine,  than  which  nothing  can  be  cheaper,  throws 
up  a  great  quantity  of  water;  yet  undoubtedly  it  has  two 
defects:  tnc  first  is,  that  part  of  the  water  runs  out  of  Ae 
buckets  and  falls  back  into  the  well  after  it  has  been  raised 
nearly  to  the  level  of  the  reservoir :  the  second  is,  that  a 
considerable  proportion  of  the  water  to  be  dischurged  is 
raised  higher  than  the  reservour^  and  Ms  into  it  only  at  the 
moment  when  the  bucket  us  at  the  highest  poin^  of  the 
circle,  aod  ready  to  descend,  fhesfs  inconvenieifces  ^are  both 
remedied  by  the  contrivance  mentioned  in  the  next  paragraph. 

4.  Tbe  Persian  wheel  \&  a  nua^  given  to.  a  machine  for 
raising  water,  which  may  be  turned  by  means,  (tf  a  stream 
A  B  acting  upon  the  wheel  QiDlS  ^ccordin^  to  ^it  order  of 
the  letters;  (fi^.  210.) 

The  buckets  i^a,«,«,£u^in8tAadofbeiog  firmly  fiistenedi  are  JbvMUDOB^  ^ 
wb«el  by  strona  pins,  6, 6, 6, 6,  &c.  fixed  in  the  side  of  the  rixn ;  whi^  mmt  J 
be  made  as  high  as  the  water  is  intended  to  be  raised  abo?e  tbe  level  of  that  ' 
part  of  the  stream  in  which  the  wheel  is  placed.    As  thfe  wheel  turn*,  the 
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:  hiiclt€ti  on  th»  rigfai  hftod  fo  dowk  int^  the  uriOoiv  vh«re  Uiey  are  filled, 
i  and  returo  up  full  <m  the  left  hand»  tiH  thev  come  to  the  top  at  K.;  ^here 
they  strike  against  the  end  n  of  tlie  fixed  trough  M,  by  which  they  ate 
OTerset,  and  so  empty  the  water  into  the  trough ;  from  whence  it  is  to  be 
cflBfeyed  a  pkies  to  any  place  it  is  iatendsd  ^x :  aad  as  e^fih  bucket  gets 
€^er  the  trp«^  it  faUs  into  a  perpeoiUcular  p0sHk>n  again^  and  so  goeii 
down  empty  tdl  it  comes  to  the  water  at  A^  whero  it  is  filled  as  before.  Qn 
eadi  bucket  b  a  spring,  r,  which  going  over  the  top  or  crown  of  the  bar  m 
(fixed  to  the  tron^  M)  raises  ttke  bottom  of  the  bucket  abore  the  leyel  of 
its  mooth,  and  so  causes  it  to  empty  all  its  water  into  the  trough.  ^ 

To  detemiae  the  doe  relation  of  tiie  power  and  the  weight  so  thatthb 
wheel  may  be  caupable  of  producing  the  greatest  ^ect,  the  following  nu^ 
he  taken  as  a  good  approximation.  After  barring  fix^d  the  diameter  of  Ihfi 
vkeel,  whidi  must  be  something  greasier  than  the  altitude  to  which  the 
water  is  to  be  raised;  fix  also  u^ou  an  »veti  number  of  badcets  to  be  huog 
li  eqaal  diftances  round  the  periphery  of  the  wheel,  and  mark  the  position 
of  their  centres  oi  motion  in  such  a  manner  that  ^y  will  stand  in  cotfta- 
poodine  positioas  in  every  quarter  of  the  circle ;  ^conceive  veitioal  Unas 
doEwa  through  the  centre  of  motion  of  each  bucket  in  the  rising  purt  of  thfe 
wheel;  thc^  wiU  inteisect  the  horiaonial  cUanneter  of  the  wheel  m  points  M 
vhiohy  if  the  buckets  were  hii»g,  they  would  furnish  the  same  lesistavoe  to 
Ihi  moviag  fiiree  as  they  do  w£en  bulging  at  their  respective  places  lon  the 
nm  of  the  wheel.  Thus,  supfposing  there  were  IB  equidistant  buckets:; 
dten  while  ei^  buag  on  each  side  a  vertical  diameter  of  the  wheel  ^lere 
would  be  eigfat  oa  the  other  side,  and  two  would  ooincide  with  that  ^Uameten: 
IB  thie  case  the  fesistaooe  arising  fi-om  all  the  ifiiU  buckets  would  be  the  same 
as  if  one  budket  hnag  on  the  prolongation  of  the  %orisontal  diameter  at  the 
distance  of  9  cia.  20o  f  2  $ul  40°  +  2  sin*  60^  -*-  ^  sin.  8Q°>  these  being 
the  sines  to  tfie  common  radius  of  the  wheel. 

To  know  tne  quantity  of  water  that  oach  baeket  should  contaiii,  tak^  |  of 
the  i^>solute  fesce  of  the  stream,  that  is,  |  of  the  weight  of  the  prism  of 
water  whose  base  is  the  sur&ce  of  one  of  the  jQoat-boardsy  apaa  v^oee 
height  ia  that  thiong^  which  water  must  faU  to  acquire  tike  velocity  of  the 
fltveam ;  so  have  we  the  power  tWt  should  be  in  equilibrio  with  the  weight 
of  water  in  the  buckets  of  the  lisu^-seoucifeie.  Thea  say,  as  the  sum  of 
the  SIMS  mentioBed  above  is  to  ra&is,  so  is  the  power  just  found  to  a 
inrth  term,  the  half  of  which  will  be  the  weight  of  water  Uiat  <Ottght  to  be 
toataiBed  in  oi^e  backet.  Lastly*  as  the  velocity  of  the  wheel  viA  be  to 
ttat  of  the  stouB  nearly  as  1  to  2f,  the  quantity  of  revolntions  it  makes  in 
any  detenaaoate  time  becomes  known,  and,  by  consequeaee,  the  quanti^ 
of  water  ihe  wbed  wiU  raise  in  the  same  tinae ;  sinoe  we  know  the  capacity 
of  eadi  bucket,  and  the  number  of  them  emptied  in  every  revolution  of  the 

6.  Auotliar  contrivance  for  raking  water  similar  to  the 
dMBA-piiiiip^  which  is  ^deseribed  in  another  part  of  the  work^ 
fa  an  endleaa  rope  ynih  stuffed  cushions  hung  upon  it,  which, 
hf  means  of  two  wfaeets  or  drnms,  are  cansed  to  rise  in 
iiaeeeflsion  in  the  same  barrel,  and  to  ^carry.  water  with  them. 
From  the  f^esemManoe  of  tills  appsmtus  *to  a  string  of  beads, 
it  fa  vmStf  caHed  peOermmier^work.  But  in  this,  as  wrfl  as 
the  chsdn-pump,  the  magnitude  of  the  friction  is  a  formidable 
practical  objection. 

6.  Jetfi  and  feunltaim  ave  not  now  considered  as  conducive 
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to  pictpresque  beauty ;  nor  can  they  be  reckoned  of  nracft 
utibtv^  except  perhaps  in  hot  climates;  we  ht^ve  not  there- 
fore described  any  in  this  work.  But  in  the  fountain  of  ISen 
of  Syracuse,  a  principle  is  introduced  ii4iich  has  been  fsuwA 
of  great  utility  in  larger  works ;  for  the  head  of  water  u 
actually  lower  than  the  orifice,  but  the  pressure  is  communi- 
cated by  the  intervention  pf  a  column  of  air:  the  coustructaoQ 
of  this  fountain  is  as  follows : 

ItconsUts  of  two  vessels  R  L  M  N  (fig.  212)  and  O  P  Q  R,  whidi  tie  dose 
on  all  sides.  A  tube  A  B,  having  a  fonnel  at  the  top,  passes  thf0u|h  thS' 
uppermost  vessel  without  communicating  with  it,  belnff  soldered  into  its  top 
and  bottom.  It  also  passes  through  the  top  of  the  under  vessel,  vrbere  it  n 
Iftewise  soldered,  and  reaches  almost  to  its  bottom.  This  tube  is  open  it 
both  ends.  There  is  another  open  tube  S  T,  which  is  soldered  into  tae  top 
of  the  under  vessel  and  the  bottom  of  the  upper  vessel,  and  reaches  almost 
to  its  top.  These  two  tubes  serve  also  to  support  the  tipper  vessel.  A 
thifd  tube  O  F  is  soldered  into  the  top  of  ^e  upper  vessel,  and  reaohss 
almost  to  iu  bottom.  This  tube  is  open  at  both  ends,  but  the  orifice  G  is 
very  small.  Now  suppose  the  uppermost  vessel  filled  with  vrater  to  the 
height  £N,  Ee  being  its  surfiMse  a  little  below T.  Stop  the  orifice  G  with 
the  finger,  and  pour  in  water  at  A.  This  vrill  descend  through  A  B,  and 
compress  the  air  in  O  P  Q  R  into  less  room.  Suppose  the  vrater  in  the 
under  vessel  to  have  acquired  the  suriaoe  C  c,  the  air  which  ibrmeHy 
occupied  the  whole  of  Uie  spaces  O P Q  R  and  K  LeE  wiU  now  be  con- 
tained in  the  spaces  oPeC  and  KLeE;  and  its  elasticity  will  be  in 
4»qttilibrio  with  tne  weight  of  the  column  of  water,  whose  base  is  the  smhot 
E  e,  and  whose  height  is  A  c.  As  this  pressure  is  exerted  in  ^eveiy  pait  of 
the  air,  it  ^11  be  exerted  on  the  surfiice  £  e  of  the  vrater  of  the  upper 
vessel ;  and  if  the  pipe  F  G  were  continued  upwards,  the  water  vhmld  be 
supported  in  it  to  a  height  e  H  i^ve  E  e,  equal  to  A  c.  Therefore,  if  the 
'finger  be  now  t^en  from  off  the  or^ee  G,  the  fluid  vrill  spout  up  through 
it  to  the  same  height  as  if  it  had  Allien  through  a  tube  whose  altitude  is 
tf  H.  So  long  as  there  is  any  water  in  the  vessel  K  L  N  M  there  wUl  be  a 
diteharge  thrmigh  the  orifice :  thereft>re  the  play  of  the  fimntain  vrill  con- 
tinve  whilst  the  water  contained  in  the  upper  vessel,  having  spouted  out, 
fiiHs  down  through  the  pipe  A  B:  the  height  of  the  water  measured  fion 
the  basin  V  AW  to  the  surface  of  die  vrater  in  the  lower  vessel  O  PQR 
is  always  equal  to  the  height  measured  firom  the  top  of  the  jet  to  the 
eurftux*  of  the  water  in  the  vessel  K  LM  N.  Now,  since  the  surfiice  Be 
is  always  fidling,  and  the  water  in  the  lower  vessel  always  rising,  the 
height  of  the  jet  must  continually  decrease,  till  it  is  shorter  by  the  deptfi 
of  KLMN,  which  is  empty,  added  to  the  depth  of  OPOR^  whidi  is 
always  fiUing ;  and  when  the  jet  \$  fidlen  so  losr,  i(  immediately  ceases  lo 
play. 

7.  A  machine  desigoed  to  raise  water  to  a  great  hei^t  for 
the  irrigation  of  lapjd>  in  such  situations  as  have  the  advanti^ 
of  a  small  fall^  is  described  in  Dr.  Darwin's  PAvtokgia:  as 
it  depends  on  the  principle  of  Hiero's  fountain^  li  may  pio? 
perly  be  inserted  here. 

Fig.  211,  a,  6,  is  the  stream  of  water. 

h  ^i  Ci  represeuto  the  water-iall|  supposed  to  be  10  feet. 


Digitized 


by  Google 


ANJ>   MACHINIST.  3^ 

if  €,  are  two  ieadco  or  iron  vessels,  coataininff  a  certain  qoantity  of 
fliter,  which  may  be  computed  to  be  about  four  ga&ons  each. 

/*g»  i,  t»  A»  2y  are  leaden  Tessels,  each  holding  about  two  quarts. 

Opp,  two  cocks,  each  of  which  passes  through  two  pipes,  opening  the  one 
and  closing  the  other. 

g,r,is  a.  te^aler-AoAmce,  that  moves  on  its  centre  t,  and  by  which  the 
two  cocks  o  and  p  are  aheruately  turned. 

t,  u,  and  IT,  s,  are  two  aii^pipes  of  lead,  both  internally  l^  inch  in 
diameter. 

f,2s  ^,  z  ;  jf,  Xf  are  water-pipes,  each  being  one  inch  in  diarpetfr. 

The  pipe  b^e,  c,  is  always  fiul  m>m  the  stream  a,b:  the  small  cistcrr^s 
i,i,l,  and  the  large  one  d,  are  supposed  to  have  been  previuusly  filled  viith 
water.  The  fluid  may  then  be  aamitted  by  turning  the  cock  0,  through  tlie 
pipe  e,  e,  into  the  large  cistern  e.  This  water  will  press  thi.^  air  con^ned  la 
the  dstem  e  up  the  air-pipe  w,  je,  and  will  force  the  fluid  out  of  ihe  cbtems 
g,ijlj  into  those  marked  A,  A,  and  C. — At  the  same  time,  by  opeQing  B,  the 
water  and  condensed  air,  which  previously  existed  in  the  liLrea  cistern  d, 
and  in  the  smaller  ones  marked  /,  A,  A,  wiU  be  discharged  at  B.  Af^r  a 
»lioit  time,  the  water-balance,  ^,  r,  t,  will  turn  the  cocks,  and  exclude  the 
water,  while  it  opens  the  opposite  ones:  the  cisterns  f,  A,  A,  are  emptied  in 
their  turns  by  the  condensea  air  from  the  cistern  1^  as  the  watfst  progressively 
eaters  the  latter  from  the  pipe  A,  e. 

8.  A  Tery  ingenipua  applicakioii  of  the  same  principle  baa 
been  made  in  the  celebrated  Hungarian  macbine,  at  Cbemnitz. 
The  best  account  we  bave  been  able  to  obtain  of  this  is  the 
foUoifing : 

In  6g.  213,  A  represents  the  source  of  water  elevated  136  feet  above  the 
moath  of  the  pit.  From  this  there  runs  dovm  a  pipe  D  of  four  inche* 
diameter,  which  enters  the  top  of  a  copper  cylinder  B,  8§  feet  high,  5  feet  dia- 
meter, and  ^  inches  thick,  an4  reaches  to  within  4  inches  of  the  bottom ; 
it  has  a  cock  at  I. 

This  cylinder  has  a  cock  at  Q,  and  a  very  large  one  at  N.  From  its 
top  proceeds  a  pipe  V£C,  t^o  indies  in  diameter,  which  goes  96  feet 
down  the  pit,  and  is  inserted  into  the  top  of  another  brass  cylinder  C,  which 
is  ^}  feet  hig^  lour  Ceet  diameter,  and  two  inches  thick:  the  latter  contain^ 
iug  about  83  cubic  feet,  which  is  nearly  one  half  of  the  capacity  of  the 
fotmeiv  viz.  170  cubic  feet.  There  is  another  pipe  F  O  of  four  inches  dia- 
meter, which  rises  from  within  fiyur  inches  ot  the  bottom  of  this  lower 
c^liDder,  is  soldered  into  its  top,  and  rises  to  the  trough  Z  which  carries  off 
the  water  from  the  mouth  of  the  pit.  This  lower  cylinder  communicates  at 
the  bottom  with  the  water  O,  which  collects  in  the  drains  of  the  n^ines.  A 
large  cock  P  serves  to  exclude  or  admit  this  water :  another  cock  M  at  the 
lop  of  this  cylinder  communicates  with  the  external  air. 

Now,  suppose  the  cock  I  shut,  and  all  the  rest  open :  the  upper  cylinder 
will  contain  air,  and  the  lower  cylinder  will  be  filled  with  water,  because  it 
is  sank  so  deep  that  its  top  b  below  the  usual  surface  of  the  mine-waters. 
Shut  the  cocks  Q,  N,  M,  P,  and  open  the  pock  I.  The  water  of  the  source 
A  must  run  in  by  the  orifice  J,  and  rise  in  the  upper  cylinder,  compressing 
the  air  above  it  and  along  the  pipe  V  £  C,  and  thus  acting  on  the  surface 
of  the  water  in  the  lower  cylinder.  It  will  therefore  cause  it  to  rise  gradually 
io  the  pipe  O  F,  where  it  will  always  be  of  such  a  height  that  its  weigh| 
halaoces  the  elasticity  of  the  compressed  air.  Suppose  no  issue  flriven  to 
(he  air  from  the  upper  cylinder,  it  would  be  compressed  into  one-fifth  of  its 
bulk  by  the  column  of  136  feet  high;  for  a  column  of  34  feet  nearly 
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balances  tkt  ordinary  elasticity  of  the 'air.  Therefore,  when  there  is  in 
issue  given  to  it  thiongh  the  pine  V  EC,  It  T^fll  drive  the  compressed  air 
^oug  this  pipe,  and  u  ivill  expel  water  from  the  lower  cylinder.  Wbeti 
tL7JS%  ^^^  "  ^W  ?f  yater,  there  will  be  34  cubic  fcet  of  water 
SS^Sr  1  ""  ?®  ^^"^^^  cylinder.  If  the  pipe  OP  had  been  more  than 
IukTS  ?'  the  water  wonld  have  risen  136  feet,  being  then  in  equilibrio 
with  the  water  in  the  feeding  pipe  D  by  tlie  inte^^•ention  of  the  els^tic  air; 
k  ^l,?^"^^^^  "^"^^  ^'f '«  ^n  eicpeMed  from  the  lower  cylinder  than 
what  fills  thu  pipe.  But  the  pipe  being  only  96  feet  high,  the  water  will 
be  tjirowu  out  at  Z  with  a  considerable  velocity.  If  ft  were  not  for  the 
great  obstructions  which  water  and  air  must  meet  with  in  their  passage 
along  pipes,  It  would  issue  at  2  with  a  velocity  of  more  than  50  feetSr 
second.  .It  issues  however  much  more  slowly,  and  at  last  the  upper 
^Imder  is  ftiU  of  water,  and  the  water  would  enter  the  pipe  V  E  and  enter 
the  lower  cylrader,  and,  without  displacing  the  air  in  it,  would  rise  through 
the  discharging  pipe  Op,  and  run  off  to  waste.  To  prevent  this  there 
hangs  m  the  pipe  VE  a  cork  ball  or  double  cone,  by  a  brass  wire  which 
B  guided  ^  l»oles  in  two  cross  pieces  in  that  pipe.    ^Tien  the  upper 

is  wasted;  the  influx  at  J  now  stops,  ^t  the  lower  cylinder  contains  com- 
pressed  air,  which  would  balance  water  in  a  discharging  pipe  136  feet  high. 
whereas  O  Pis  only  96.  Therefore  the  water  will  continue  to  flow  at  Z  Iffl 
Ih^  wr  has  so  ««;  e^ded  as  to  Imhince  only  96  feet  of  water,  that  is,  tiU 
U  occupies  ooe-h^of  lU  ordinary  bulk,  that  is,  one-fourth  of  the  capacity 
!l^uJy^':?^^i°'*^5, "  ^%  "^^  ^^  Hierefore  42§  cubic  feet  iJui  bi 
nnS' A^i  ?''  ""^"^  ^  will  cease;  and  the  lower  cylinder  b  about 
2o  i^  ^u  ""^  r?^'-„^.^.  V^^  attending  workman  observes  this, 
fceshuts  the  cock  I.  He  mirfit  hate  done  this  before,  had  he  known 
"JHen  the  onfice  V  was  stopped;  but  no  loss  ensues  from  the  delay.  At 
the  same  time  the  attendant  opens  ^  code  N  the  water  issues  with  ntat 
violence,  being  pressed  by  the  condensed  ait  from  the  lower  oylinderf  It 
therefore  issues  with  the  sum  of  its  ovm  weight  and  of  this  compression. 
ThwcCTaduaTly  decrease  tege^r,  by  the  efflux  of  the  water  and  thi  expan. 
5^  '.^M^'  ^  ^'^  ^^^  ^*^J»  ^«^e  ^^  ^e  water  has  flowed  outV^ 
there  IS  42f  feet  of  the  lower  cylmdet  occupied  by  air.  Tliis  quantity  of 
water  remains  therefore,  in  tbe  upper  cylinder  neariy :  the  workman  knows 
ftis,  bewiuse  the  discharged  water  is  received  first  of  aU  into  a  vessel  coo- 

!?  finli  ♦IT'^'^*  ""^  ^^^  "^^n^^y  ^^  *^^  "PP^^  ^^l^'^der-  Whenever  this 
JL  !lo^  ii^S^^''^  ?P^'  the  cock  P  by  a  long  rod  which  goes  down 
the  shaA ;  thw  allows  the  water  of  the  mine  to  fill  the  lower  cylinder,  and 
\n.l  I  I'^^J^H^^  upper  cylinder,  which  permits  fte  remaining  water  to 
^hU  SL  .f  j^""  ^^'y  *^^^  "  ^"^'^^fit  into  its  first  condition;  aid 
wnen  tl»  att«idant  sees  no  more  water  come  out  at  N,  he  shuts  the  cocb 
W  and  M,  and  opens  the  cock  I,  and  the  operation  is  repeated. 
wi^^aLSJ^^T^™"^  anp^rance  in  the  worfing  of  this  engine. 
l^^L^fl  ^  ^"^"^i^  if  the  cock  Q  be  opened,  the  water^ 
cha^^V??^  ''^'^^P7?'<^'^  violence,  and  tfie  drops  of  water  aie 
changed  into  hail  or  lumps  of  ice.    It  is  a  siriit  usuaHy  shown  to  strangwi. 

^t  wl^K^^rr^"?  ^""^"^  ^T  •^'^^^^  ^^^^^  *^  blasts  of  air :  the  i^ZS 
^in^J  ''l?^^"^.^  frequentlv  to  pierce  the  hat  like  a  pistol  buflet. 
iv  «,?f  1  "^^^^?"  "  *  remarkable  instance  of  the  general  feet,  that  air 
^r^.l^^  expandmg  generates  cold,  its  capacity  for  heat  being  increased, 
the  effl«^j;t2^T  ^y^«^«>«^««  m  working  this  engine^shows  Aal 
l^LJr-  *^^  ^1  ^  ^°^  ^  becpmes  very  slow  ne^  the  end.  It  is  fonn4 
convenient  therefore  not  to  wait  for  the  Complete  discharges,  but  "o  turn 
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die  cocks  ^rJMo  about  30  cubic  ftet  of  wattf  hvf  been  discharged  at  Z : 
more  work  is  done  in  this  way.  A  gentlemaD  of  great  accuracy  and  know- 
ledge oi  these  subjects  took  the  trouble  of  noticing  particularly  the  per- 
formance of  the  marKw.  lie  observed  that  eadi  stroke,  as  it  may  be 
criled*  took  up  about  thiee  iQioates  and  one-eighth ;  and  that  32  cubic  feet 
of  unteriveM diachaiged  at  Z,  and  96  were  expended  at  N.  The  expense 
tecirae  is  66  fieet  of  water  M&atg  136  leet,  and  the  performance  is 
aSraiMd  96,  and  diey  are  in  the  proportion  of  66  x  t36  to  82  x  96,  ot  of 
1  to  0,3422,  or  nearly  as  3  to  1.  llus  is  superior  to  the  perfonnance  of  the 
■flit  perfect  uodcnbot  milly  even  when  aU  motion  and  inegular  obstructions 
«e  fgiected;  and  ia  not  msch  inferior  to  any  ofershot  pump-mill  that 
has  yet  been  erected.  VTbea  we  redect  on  the  great  obstmctions  wfaidi 
mrter  maeti  widi  in  its  ptange  thRmgh  lonjg  pipes,  we  may  be  assured, 
that,  by  doubling  the  size  of  the  feeder  and  discharger,  the  performance  of 
the  machine  will  be  greatly  improved ;  we  do  not  h^itate  to  say,  that  it 
endil  be  increased  one-third :  it  it  true  that  it  will  expend  more  water ; 
but  this  will  not  be  nearly  in  the  same  proportioii,  for  most  of  the  deficiencr 
of  the  machine  arises  from  the  neemess  velocity  of  the  first  efflux  at  Z, 
Ike  discharginff  pipe  ought  to  be  110  feet  high,  and  not  give  sensibly  less 
water.  Hsu  it  most  be  considered  how  inferior  in  original  expense  this 
simple  madiiue  must  be  to  a  mill  of  any  kind  which  would  raise  10  cubic 
feet  96  feet  hiffh  in  a  minute;  and  how  small  the  repairs  on  it  need  be, 
when  compared  with  a  mill.  And,  lastly,  let  it  be  noticed,  that  such  a 
macbine  can  be  used  where  no  mill  whate\'er  can  be  put  in  motion.  A 
sm^  stream  of  water,  whxdi  would  not  more  any  kind  of  wheel,  will  here 
raise  one-durd  of  its  own  quantity  to  the  same  height,  working  as  fest  as  it 
is  supplied. 

For  these  reasons^  the  Hungarian  machhie  eminently 
deaerres  the  attention  of  mathematicians  and  engineers^  to 
bring  it  to  its  utmost  perfection,  and  into  general  use. 
There  are  situations  where  this  kind  of  machine  may  be  very 
ttsehl.  Thus,  where  the  tide  rises  17  feet,  it  may  be  used 
ker  compressing  air  to  seven-eighths  of  its  bulk ;  and  a  pipe 
leading  from  a  very  large  vessel  inverted  in  it  may  be  used 
for  raising  the  water  from  a  vessel  oi  one-eighth  of  its 
capadty  17  feet  hish ;  or  if  this  vessel  has  only  one-tenth  of 
Ihe  ciq>acity  of  the  large  one  set  in  the  tide- way,  two  pipes 
may  be  led  from  it,  one  into  the  small  vessel,  and  the  other 
into  an  equal  vessel  16  feet  higher,  which  receives  the  water 
from  the  firrt.  Thus  one-si|cteenth  of  the  water  may  be  raised 
84  feet,  aod  a  smaller  qnanti^  to  a  still  greater  height ;  and 
diis  with  a  kind  of  power  that  can  hardly  be  applied  auy 
Mher  way.  Machines  of  this  kind  are  described  by  ochottos, 
Sturmius,  Leupold,  and  other  old  writers ;  and  Uiey  should 
not  be  forgotten,  because  opportunities  may  offer  of  making 
them  hi^v  beneficial. 

9.  Mr.  John  Whitley  Boswell  has  devised  an  apparatus 
wfaidi  when  attached  to  such  a  machine  as  that  at  Chemnitz 
will  epaUe  it  to  work  itself  without   attendance.      The 
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den^criptiori  of  this  vnSl  be  presented  to  the  reader  in  Mr  Bos* 
weirs  own  words. 

Fig.  213.    A  is  the  ratenroir,  or  upper  level  of  water. 

B,  a  chamber  made  of  sufficient  strength  to  bear  the  internal  piesme 
of  a  column  of  water  the  height  of. A  abore  it,  molttpUed  by  its  own  base. 

C,%diaiQbcr  ofthesamestrei^thasBybut  of  a  smaller  sisa;  it  isplaeed 
at  tbe  boitam  of  the  pit  from  which  the  water  is  to  be  laisedy  and  aiMler  the 
level  of  ihe  water. 

These  chambers  would  be  stronger  with  the  same  materials,  if  of  a 
globular  or  cyliodrical  form;  but  the  square  shape  is  used  in  the  drawing 
merely  tor  the  facility  of  representing  the  position  of  the  parts. 

D,  a  pipe  from  the  rcMrvoir  A  whidi  passes  through  the  top  of  B  and 
eads  Dear  it£  bottom,  to  convey  water  from  A  to  B. 

£,  a  pipe  from  the  top  of  B  to  the  top  of  C,  to  convey  air  from  B  to  C. 

F,  a  pipe  from  the  bottom  of  C  to  the  level  of  the  ground  at  the  top  of 
the  pit,  to  carry  off  the  water  from  the  pit. 

€r,  a  pipe  from  the  bottom  of  B  to  carry  off  the  water  finom  it 

H,  a  vessel  to  contain  the  water  used  in  working  the  eocks;  it  is 
only  placed  on  the  top  of  B  to  save  the  construction  of  a  stand  on  purpose 
for  it. 

I«  a  cock,  or  movable  valve^  (worked  by  the  lever  there  represented,)  in 
the  large  pipe  D. 

K,  a  stop-cock  in  tbe  small  pipe  which  conveys  water  from  D  to  U.  Its 
use  is  to  make  the  engine  work  faster  or  slower,  by  letting  water  more  or 
less  quick  into  H ;  or  to  stop  it  altogether  from  working  when  required. 

L,  a  movable  valve,  or  cock  in  the  small  pipe  L  K.  The  lever  wfai^ 
works  it  is  connected  by  a  strong  wire  with  tne  lever  which  works  I, 
and  is  balanced  by  a  weight  at  its  opposite  extremity,  sufficient  to  open 
both  these  cocks  and  shut  N,  when  not  prevented  by  a  counter  weight, 

N,  a  cock  in  the  pipe  G  to  open  and  shut  it  as  wanted. 

O,  a  self-moving  valve  in  tne  pipe  F,  which  permits  the  water  to  psss 
upw^s,  b|it  prevents  its  return. 

P,  a  self-moving  valve  at  the  bottom  of  C,  which  permits  the  water  to 
pass  into  C,  but  prevents  any  from  passing  out  of  it;  it  is  furnished  with  a 
grating,  to  prevent  dirt  getting  in. 

R,  a  vessel  suspended  from  the  levers  of  I  and  L^  capable  of  cootaiiuo^ 
a  weight  of  water  sufficient  to  shut  them. 

S,  a  vessel  suspended  from  the  lever  of  N  :  it  must  contain  water  enoogH 
by  its  weight  to  open  N :  it  is  connected  by  a  chain  to  R,  to  keep  it  down 
as  long  as  N  is  open. 

T,  a  syphon  passing  from  the  bottom  of  H,  near  its  upper  edge,  ind 
down  again  to  the  mouth  of  R. 

V,  a  self-moving  valve  of  a  sufficient  levity  to  rise,  when  the  water  is  B 
comes  up  to  it,  and  close  the  pipe  £ ;  into  which  no  water  would  else  pass 
from  Q.  A  ball-cock,  such  as  used  in  common  water  cisterns,  would  do 
here. 

X,  a  syphon  from  tbe  bottom  of  R  rising  within  an  inch  of  its  top,  and 
passing  down  again  to  the  mouth  of  S. 

Y,  a  small  pipe  at  the  bottom  of  S ;  this  may  have  a  stop^^ock  to  regnltte 
it,  which,  when  stopped,  will  also  stop  the  engine. 

The  mode  of  this  engine*s  working  is  as  follows :  suppose  the  vessels 
V,  H,  R,  and  S  empty  of  water,  and  the  cocks  K  and  Y  open,  and  tbe 
vessel  C  full  of  water.  The  weight  on  the  lever  of  L  will  then  open  the 
cocks  L  and  I,  on  which  the  water  from  A  will  flow  into  B  and  U.    As 
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fbe  water  rises  in  B^it  will  force  the  air  througli  £  into  C^  which  strongly 
prening  on  the  water  in  C,  wia  force  it  np  thronsfa  the  pipe  F,  till  the 
water  in  B  lises  to  the  level  of  V  and  doses  it,  at  ^hich  time  H  will  be  fblt 
of  water,  (the  quantity  flowing  in  being  so  regulated  by  the  cock  K,)  and 
die  water  will  flow  from  it  through  die  syphon  T  into  the  vessel  R,  which 
as  it  fills  shuts  the  cock  I  and  L,  and  prevents  any  ihore  water  coming  into 
B  and  H.  When  R  is  frdl,  the  water  flows  through  iu  syphon  X,  which 
tts  S,  and  by  it  opens  N^  whidi  empties  B  of  water,  and  Iceeps  N  open  as 
kog  as  there  is  any  water  in  H. 

When  H  is  empty,  B  will  be  so  too,  (being  so  regulated  by  the  cock  K,) 
<m  which,  in  a  moment  or  two,  R  and  S  wiU  also  be  empty,  which  wiU 
eanse  the  oocks  I  and  L  to  open,  and  sdl  things  will  be  again  in  the  state 
fiat  snpposed,  for  a  repetition  of  &e  operations  described. 

To  st<^  die  engine,  the  cocks  at  K  and  Y  should  be  shut,  while  S  is  full 
of  water.  To  set  it  woiking,  they  should  be  open;  and  this  is  all  the 
attendance  it  will  require.  As  no  one  but  an  engineer  should  attempt  to 
eoostnict  such  an  engine  as  this,  it  was  useless  to  represent  the  manner  of 
connecting  the  pipes  by  flaches  or  otherwise,  or  the  proper  methods  of 
£utenin|;  and  dosmg  the  parts,  which  are  all  well  known  to  such  as  have 
made  tha  art  their  suidy. 

In  No.  5,  of  the  New  Series  of  Nidiotson's  Jommal,  Mr. 
Boflwell  has  made  some  fttrtfaer  improyements  fai  the  applica- 
tion of  the  Himgarian  machine. 

10.  The  spiral  pump  is  a  Very  curious  hydraulic  engine^ 
whkh  operates  on  nearly  the  same  principle  as  the  Hungarian 
machine.  The  first  engine  of  this  kind^  of  which  we  hare 
seen  any  accoont,  was  invented  and  erected  by  H.  Andreas 
Wiitz,  a  tinpkte- worker  of  Zurich,  at  a  dye-house  in  T^immat, 
in  the  vicinity  of  that  city.  It  consists  of  a  hollow  cylinder^ 
like  a  very  larae  grincbtone,  turning  on  a  horizontal  axis,  and 
partly  ^imged  in  a  dstem  of  water.  The  axis  is  hoUow  at 
one  end,  and  communicates  with  a  vertical  pipe.  This  cylin- 
der or  dbrum  is  formed  into  a  qnral  canal,  by  a  plate  coiled 
«p  within  it  like  the  main  spring  of  a  watch  in  its  box;  only 
tl^  spires  at  a  distance  from  c^di  other,  so  as  to  form  a 
eondmt  for  the  water  of  uniform  width,  lliis  spiral  partition 
is  well  joined  to  the  two  ends  of  the  cylinder,  and  no  water 
escapes  between  them.  The  outermost  turn  of  the  spiral 
bq^ins  to  widen  about  three^fourths  of  a  circumference  nom 
Ihe  end,  and  this  gradual  enlargement  continues  nearlv  a 
semicircle,  this  part  being  called  the  horn :  it  then  widens 
suddenly,  forming  a  scoop  or  shovel.  The  cylinder  is  so 
aopported  that  tlos  shovel  may,  in  the  course  of  a  rotation, 
dip  several  inches  into  the  watelr.  As  die  cylinder  turns 
upon  its  axis,  the  scoop  dips  and  takes  up  a  certain  quantity 
of  water  before  it  emerges  agam.  This  quantity  is  sufficient 
to  fin  the  bomi^and  tfaM  again  is  nearly  equal  m  capacity  to 
tbe  outermost  uniform  spial  round. 
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After  tbe  icoop  b  emerged,  the  water  pwaea  along  tbe 
spiral  by  the  motum  of  it  round  the  axis,  and  dmes  the  air 
before  it  into  the  rising  {Hpe,  where  it  escapes.  In  the  mean 
time,  air  comes  into  the  moudi  of  the  scoop ;  and  when  the 
scoop  again  dips  into  the  water,  it  again  takes  in  some  of 
thatflidd.  Thus  there  becomes  a  part  filled  vnih  water,  and 
a  part  filled  with  air.  Continuing  this  motion,  a  second  round 
ofwater  will  be  received,  and  another  of  air.  The  water  in 
any  torn  of  the  spiral  will  have  its  two  ends  on  a  level;  and 
tibe  air  between  the  successive  columns  of  water  wdl  be  in  its 
natural  state ;  for  since  the  passage  into  the  riainff  pipe  or 
mmn  is  open,  there  is  nothing  to  force  the  water  and  idr  into 
any  other  position.  But  since  the  spires  gradually  dimiiush 
in  their  length,  it  is  plain  that  the  column  of  water  will 
graduaUir  occupy  more  and  more  of  the  circumference  of 
each.  At  last  it  will  occupy  a  complete  turn  of  some  spire 
that  is  near  the  centre ;  and  when  sent  further  in  by  the 
confinnsnce  of  die  aMitian,  some  of  it  wfll  run  bank  itvev  the 
top  bf  tiie  BUooeeding  spbe^  Thns  it  wffl  nm  over  into  tiie 
right-hand  side  of  the  third  spire,  and  conse^ently  will 
podi  tibe  water  of  this  spire  backwards,  and  raise  its  other 
esid,  aor  that  t^  will  Hkewiae  nm  oiver  bayckwanls  before  the 
neat  rotation  be  oomplcfted.  At  length  this  change  of  dis- 
position win  reach  the  ontormost  spire,  and  some  water  wiH 
nm  over  into  the  horn  and  scoop,  and  finally  into  the  cistenh 

But  as  soon  as  water  gets  into  the  rising  p^e^  and  rises  a 
Ibtle  into  it,  it  stops  the  escape  of  tbe  air  when  the  nest 
scoop  ofwater  is  taken  in.  Hence  there  are  then  two  colunuis 
of  wator  acting  against  eadi  other  by  hydrostatic  piwssure, 
and  the  intervening  colonsn  of  air:  they  must  con^nress  tbe 
air  becween  them,  and  the  water  and  air  cohunle  will  mm 
be  unequal  s  this  will  hare  a  gcnend  tendency  to  keep  tbe 
whole  water  back,  and  cause  it  to  be  hiflfaer  onthe  leftor 
rising  side  of  each  spire  than  on  the  ri^t  or  descendiDg 
fiCde :  the  excessof  height  being  just  sudk  as  produces  the  com* 
picasion  of  the  air  between  that  and  th/t  preceding  coloma 
of  water.  This  will  go  on  increasmg  as  the  water  mounts 
in  the  rising  p^e ;  for  the  air  next  to  the  rising  pipe  is  coai- 
paesaed  at  its  inner  end  with  tbe  weight  of  the  whole  colaoia 
m  the  man:  and  it  must  be  as  vmA  compressed  at  to 
oioter  end,  which  musit  be  done  by  the  water  column  withsal 
it;  and  this  column  exerts  this  pressure  partly  by  retsof 
duvt  Us  outer  end  is  higher  than  its  inner  end,  and  paittf  bf 
tbe  tomsniiasion  of  Sie  pressure  on  its  outer  end  bv  vff 
which  is  similarly  compr^Med  kom  without.    Ttaaa  tttrdi 
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happen  that  each  eolttmii  of  water  being  higher  at  its  outer 
than  at  its  hmer  end,  compresses  the  air  on  the  water 
column  beyond  or  within  it^  which  transmits  this  pressure  to 
the  air  beyond  it,  adding  to  it  the  pressure  arising  from  its 
own  want  of  \eveA  at  the  ends.  Conseeuently,  the  greatest 
compression,  viz.  that  of  the  air  next  the  mam,  is  produced 
bv  the  sum  of  ail  the  transmitted  pi'essures;  and  these  are 
the  sum  of  aU  the  difierences  between  the  eleyationa  of  the 
fflner  ends  of  the  water  cohunna  abore  their  outer  eiids :  and 
the  height  to  which  the  water  witl  rise  in  the  main  witt  be 
jost  equal  to  this  sum. 

Sappote  die  l«ft4iaud  nnees  of  each  sfare  to  be  fiUed  with  vater^  aod 
d»  r^t-hand  spaetg  fiUed  urith  atr,  as  is  shown,  io  regaid  to  <me  stire, 
m  %.  214.  There  is  a  certain  gradation  of  compreHaon  wiach  wiU  keep 
thingB  in  thit  position :  for  the  spaces  nanifisslly  decfease  in  srithmeiicai 
progvession ;  and  so  do  the  hydrostatic  heifbts  and  pressvres:  if,  theiefete^ 
ths  sr  be  dense  in  ihe  same  progression  aH  wiil  beia  hjrdrostatical  eqpfli- 
hmm,  lUm  this  majr  obvioasly  be  produced  bj  the  mae  motien  oitiw 
mscfaiae;  for  sitice  the  density  and  coaapreseieBk  in  each  ait  ootanm  it 
supposed  iorersely  as  the  magnitode  of  the  eohtmn,  the  onantity  of  air  it 
Ae  same  in  aH ;  tiierefore  tl^  cokinui  first  taken  in  will  pass  gtadufllly 
iawaids,  and  the  tncreaaing  compression  will  cause  it  to  ocen^  preciieljr 
dM  whole  flght4iaiid  of  every  spice.  The  giadnai  diminution  of  tae  water 
cohunns  wiR  be  prodnred,  daring  the  motion^  by  die  wattr  ranninff  Qrer 
keckwards  af  the  top  fiom  spire  to  tpke^  and  tdtimately  oonnng  out  by  the 
scoop.  Since  die  hydrostatic  height  of  each  water  cohmm  is  now  the 
greatest  possible^  triz.  ti»e  diameter  of  the  spire,  it  is  evident  that  this  dle^ 
position  of  the  air  and  water  will  raise  the  water  to  the  greatest  height. 
This  disposrtfon  may  be  obtained  thus :  let  C  B  be  a  rertied  ncdius  of  the 
wheel,  C  being  the  centre,  and  B  the  highest  point  [the  figure  may  easily  be 
town]  upon  C  B,  take  CL  to  €  B,  as  the  densitf  of  tl^  extensal  air  to  its 
densibr  in  die  last  column  next  the  risiog  pipe  or  main ;  that  is^  make  C  L 
t»  CHas  ^4  feet  (the  height  of  the  column  of  water  which  balances  the 
IvesBora  of  tbe  atmosphere)  to  the  sum  of  34  feet,  atid  the  height  9i  the 
rising  pipe :  then  divicw  B  L  into  such  a  number  pf  turns  that  the  sum  of 
Ihcir  eqtud  dsamtters  shall  be  equid  to  the  height  of  the  main^  bs<]y,.bring 
a  pipe  straight  from  L  to  the  centre  C.  Such  is  the  constniction  of  the 
Sfiru  pttmp^  as  original^  iaiventcd  by  Wiita :  it  certainly  indicates  Tery 
f  tidirabfe  media^cal  knowledge  and  sagacity. 

B«t  whoa  the  mahi  is  veiy  hi|^  this  coastmction  wiU  mqniie  either  an 
eaoosotts  diameter  of  tbe  druaiy  er  many  inms  of  a  rery  nasrow  pipe.  In 
sa^  cases  it  will  be  nasdi  better  l*  make  the  spiral  in  tbe  farm  of  a  cerk«- 
screw,  tlnn  o(  this  flat  form  hke  a  watob^pring.  The  pipe  which  form 
dMspirsl  May  be  wsapped  raimd  the  frnstrmn  of  a  cone^  whose  greatest 
disBieter  is  to  the  least  (whidi  is  ntit  to  iIh  nsing  pipe>  in  the  propoctioa 
JMt  sssigvd  to  C  B  aad  C  L.  By  this  constroction  the  water  will  so 
stttid  m  efCTj  vound  as  to  have  its  noper  and  lower  s/nrfoces  tangents  to 
the  tap  and  bottom  of  the  sptral,  and  the  Water  cohmins  will  occupy  the 
ivbole  asceiiding  side  of  ds  machine  while  the  air  oceupits  the  desoen^ng 
side.  Ihis  form  ia  for  prefoaUe  to  the  flat  form :  it  will  allow  as  te 
taipW|  nwqr  turns  of  a  bsge  pipe,  aad  therefore  prodnoe  a  great  ekratiaa 
fl^  a  Imge  (pantity  <rf  water. 
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The  same  jlhtng  will  be  stiU  better  tcoompUahed  by  wrapping  the  pipe  en 
«  cylinder,  and  making  it  gradually  tapering  to  the  end,  in  swch  a  m*]^ 
that  the  contenU  of  each  spire  may  be  the  same  as  when  it  is  wrapped 
round  the  cone.  It  will  raise  the  water  to  a  greater  height  (though  certamly 
with  an  incteiwe  of  the  impelling  power)  by  ^e  same  number  of  ifita, 
because  the  yertical  or  pressing  height  of  em  eolumn  is  greater. 

In  the  preceding  description  of  this  machine,  that  construction  has  been 
chosen  which  msSe  its  principle  and  manner  of  working  most  eTidenl, 
namely,  that  which  contained  the  same  material  quantity  of  air  in  each 
turn  of  the  spiral,  more  and  more  compressed  as  it  approatiiefl  to  Ae  rising 
pipe.  But  this  is  not  the  best  construction :  for  we  see  that  in  order  to  rtiie 
water  to  the  height  of  a  coliunn  of  34  feet,  the  air  in  the  last  spiie  is  com- 
pressed into  half  its  space ;  and  the  quantity  of  water  delivered  into  the 
main  at  each  turn  is  but  half  what  was  received  into  the  first  spire,  the  rest 
flowing  bacjt  firom  spire  to  spire,  and  being  discharged  at  the  spout. 

But  the  construction  may  be  such  that  the  quantity  of  water  in  eadi 
spire  may  be  the  same  that  was  received  into  the  first ;  by  which  means  a 
greater  quantity  (double  in  the  instance  now  given)  will  be  delivered  into 
the  main,  and  raised  to  the  same  altitude  by  very  nearly  the  same  force. 
Hiis  may  be  done  by  another  proportion  of  the  capacity  of  the  spires; 
ei^r  by  a  dmnge  of  their  calibre,  or  oi  the  diameters  of  the  solid  on  which 
they  are  folded.  Suppose  the  bore  to  be  uniform  throughout,  the  diameters 
must  so  vary  that  the  constant  colbmn  of  water  and  the  column  of  air,  com- 
ptressed  to  the  prcmer  degree,  may  occupy  the  whole  circumference.  Let 
A  be  the  column  ot  water  whidi  balances  the  pressure,  and  H  the  height  to 
which  the  water  is  to  be  raised.  XetAbetoA  +  Hasltow.  Then  it 
is  plain  that  m  will  represent  the  density  of  the  air  in  the  tost  spire,  if  its 
natural  density  be  1,  because  it  is  pressed  by  the  column  A  +  H  while  the 
common  air  is  pressed  by  A.  Let  1  represent  the  constant  vrater  column, 
and  consequently  it  vrill  be  nearly  equal  to  the  air  column  in  the  first  spire: 

then  the  whole  circumference  of  the  last  spire  must  be  1  +  — >  in  order  to 

hold  the  water  1,  aqd  to  compress  the  air  into  the  space  —  or  ^ — - .  The 
circumference  of  the  finst  spire  is  1  +  1  or  2 :  and  if  D  and  tf  be  the  dia- 
meters of  the  first  and  last  spires,  we  have  2:1  +  —  iiiy  :dy  or  2  m:ik 

+  I  :  :D  zd.  If,  therefore,  a  pipe  of  nniform  bore  be  wrapped  round  a 
conic  frustrnm,  of  which  D  and  a  are  the  end  diameters,  the  spirals  will  be 
very  nearly  such  as  will  answer  the  purpose^  It  will  not  be  quite  exact, 
for  the  interxnediate  spirals  will  be  ratner  too  large :  the  conoidal  fivstrum 
should  in  strictness  be  formed  1^  the  revolution  of  a  logarithmic  carve. 
With  such  a  spiral  the  full  quantity  of  ira.ter  which  was  confined  in  the 
first  spire  will  find  room  in  the  last,  and  will  be  sent  into  the  main  at  e«ciy 
notation.  Hiis  is  a  very  great  advantage,  espedally  when  the  water  is  to  k 
much  raised.  The  savmg  of  power  by  tlds  cnang^  of  construction  is  always 
proportional  to  the  greatest  oottjpvession  of  the  ahr. 

The  chief  difficulty  in  any  ot  these  forms  b  in  determining  the  fens 
and  position  of  the  horn  and  the  seo<K> ;  yet  on  this  t|he  performance  of  the 
macnine  greatly  depends.  The  following  instructions  will  render  ^ 
tolerably  easy.  Let  A  B  £0(fig.  214)  represent  die  first  or  ontermost  spin, 
of  which  the  aiis  is  C.  Suppose  the  machine  immerged  up  to  the  axis  is 
the  water  whose  surfece  is  V  V:  it  has  been  seen  that  it  is  most  efieotitB 
whenthesurfecesKBandOnofthewatercoluim  are  distant  ftom  each 
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idir  the  wlKde  diameter  BO  of  tlM  spire.  Let  Uiereibre  die  pipe  be  first 
foMtired  of  e(|ual  calibre  to  the  very  mouth  £  e^  which  we  suppose  to  be 
jist  about  to  dip  into  the  water :  the  surftce  O  »  is  lept  there  in  opposition 
to  the  pressure  of  the  water  column  B  A  O,  by  tlie  compressed  air  contained 
B  the  quadrant  O  £,  and  in  the  ^uedrant^  whicif  lies  behind  F«  B :  aiid  thii 
tmfmskotk  h  supported  bjrtfaeeolumiis  behind,  betweepthis  spire  and  the 
n»Bg  pipe.  But  the  air  it  the  outermost  ouadraiit  £  B  is  in  its  natural 
latt,  because  it  as  yet  communicates  with  the  external  air.  When,  how-' 
erer,  the  mouth  £  e  has  <^me  found  to  A,  it  will  not  have  the  water 
standmg  in  it  in  the  same  manner,  leavrng  the  half  space  B  £  O  fiHed  with 
cmprMd  air;  for  it  took  in  and-  codined  only  what  iiUed  Uie  quadrant 
BE.  It  is  obvious,  therefore,  that  the  quadrant  B£  must  be  so  shaped 
IS  to  take  in  and  confine  a  much  greater  quantity  of  air ;  so  tliat  when  it 
bsoome  to  A,  the  space  B£0  may  contain  air  sufficiently  dense  to  sup- 
port the  cohmm  A  O.  But  this  is  not  enough :  for  when  the  vHde  mouth 
now  at  A  fl'  rises  up  to  the  top>  the  surfece  of  the  water  in  il.  rises  also; 
^tmaat  the  part  A  O  o«^  is  more  capacious  than  the  part  of  uniform  bore 
0£#o  that  succeeds  it,  and  that  cannot  contain  adi  the  water  which  it 
pRfioody  held.  Since  then  the  vrater  in  the  spire  rises  above  A,  it  will 
press  the  water  back  from  Onto  sotne  other  position  m'  fly  and  the  pressing 
■Ofhtof  die  water  column  will  be  diminished  by  this  rising  on  tne  other 
H^of  0.  Uence  it  will  appear  that  the  horn  must  begin  to  widen,  not 
ffOB  B,  but  from  A,  and  must  occupv  the  whole  serajcircsle  A  B  £;  while 
Ks  capacity  must  be  to  the  capacity  of  the  opposite  side  'of  uniform  bore  as 
tbe  tarn  oif  BO  and  the  heigtit  of  a  columu  of  water  which  balances  the 
ttnosphere  to  the  heiriit  of  that  columA :  for  tlieh  the  air  which  filled  it 
^iKoofthe  common  density  vnll  fill  the  uniform  side  B£0,whai  corou 
posed  so  as  to  balance  the  vertical  cohimn  B  O.  But  even  thb  is  noC 
■fficifnt:  for  K  has  not  taken  water  enough.  When  it  dipped  into  the 
osteni  at  E  it  carried  air  dovm  with  it,  and  the  pressure  of  the  water  in  thie 
astern  caused  that  fldid  to  rise  into  it  a  little  ^ay;  aud  some  watei*  musit 
Itire  come  over  at  B  fromr  the  other  side,  wliidi  i^as  drawing  narrower. 
When,  therefore,  the  horn  is  in  the  position  £0 A  it  is  not  full  of  water: 
cMMquentty,  when  it  comes  into  the  situation  O  A  B  it  cannot  be  foil,  nor 
(^  it  balanoe  the  air  on  the  opposite  side.  Uence  some  will  come  out 
at  0,  and  rise  up  through  the  water.  Ilie  horn  must  therefore  exteiMl  at 
Inst  fto«  O  to  B,  or  occupy  half  the  dreumference ;  and  it  must  contain  at 
^  twice  as  much  water  as  would  fill  the  side  B£0.  Nay,  if  it  b« 
BQch  larger,  there  may  be  no  disadvanUge ;  because  the  surplus  of  air 
*^^  it  takes  in  at  £  will  be  discharged  as  the  end  ^  e  of  the  horn  rises 
w  0  to  B,  and  it  wrill  leave  the  precise  quantity  that  is  wanted.  The 
v^erpbs  water  wiU  be  discharged  as  the  horn  comes  round  to  dip  again 
wothtoistem. 

We  must  also  secure  the  proper  quantity  of  water,  "^en  the  machine 
ii  10  modi  immersed  as  to  be  up  to  its  axis  in  water,  the  capacity  which 
^secures  the  proper  qoantity  of^air  will  also  take  in  the  proper  quantity 
of  water.  But  it  may  ^erected  so  as  that  the  spirals  shall  riot  even  readi 
l^  water:  aad  in  this  case  it  will  answer  the  purpose  if  a  scoop  or  shovel 
be  knaed  to  the  horn^  and  so  formed  as  to  take  in  at  least  as  much  water  as 
*ul  fiU  the  bom.  This  is  all  that  is  wanted  in  the  beginning  of  the  motion 
^'^^  die  s|Mral,  and  more  than  is  necessary  when  the  water  has  advanced 
to  die  saoeeedittg  spire ;  but  the  overplus  is  discharged  in  the  way  just 
^^D^Nmed.  The  scoop,  it  should  be  observed,  must  be  very  open  on  the 
^neit  the  axis,  that  it  may  not  confine  the  air  as  ij  enters  the  water  ;  for 
tais  would  binder  it  bom.  receiving  enough  of  that  fluid. 
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11.  Defaguliers  describet,  in  the. second  TolnmeofUi 
Experimental  Philoeophy,  a  very  simple  contrivance  to  now 
water,  which  is  this :  to  one  end  of  a  rope  is  fixed  a  large 
bucket,  haying  a  valve  at  its  bottom,  opening  upwards;  to 
the  other  end  b  ftistened  a  square  frame,  and  tiie  cord  is 
made  to  pass  over  two  pulleys,  each  of  about  15  inches 
diameter,  (and  fixed  in  a  horizontel  plane,)  in  such  a  maoner 
that  as  Uie  bucket  descends  the  frame  ascends  with  equal 
velocity,  and  vice  versd.    The  frame  is  made  to  nm  tredy 
upon  four  vertical  iron  guide-rods  passing  throuf^  holes  at  its 
four  corners ;  and  when  the  bucket  is  filling  with  water  at  the 
well,  the  bame  stands  at  the  horizontal  plane  to  which  the 
water  is  to  be  raised ;  when  the  bucket  is  full,  a  man  steps 
upon  the  frame ;  (his  weight,  together  with  that  oi  the  frame, 
exceeding  the  weight  of  the  vessel  and  its  contained  water;) 
this  gives  an  ascending  motion  to  the  bucket,  and  causes  the 
valve  in  its  bottom  to  close.    When  the  bucket  is  raised  to 
the  proper  height,  a  hook  fixed  there  catches  into  a  hasp  at  die 
side  of  the  bucket,  turns  it  over,  and  causes  it  to  empty  its 
water  into  a  trough  which  conveys  it  where  it  is  requirdl :  at 
this  time  the  man  and  the  descending-frame  have  arrived  at  a 
platform  which  prevents  their  fiurmer   descent,  where  the 
man  remains  till  he  finds  the  bucket  above  is  empty;  when 
he  steps  from  the  frame,  and  runs  up  a  flight  of  stairs  to 
the  place  from  which  he  descended  :  the  bucket,  in  the  mean 
while,  being  somewhat  heavier  than  the  frame,  descends  to  the 
water,  and  raises  the  frame  to  its  original  position.    Thus  the 
work  is  continued,  the  man  being  at  rest  during  his  descent, 
and  labouring  in  the  ascent. 

Desaguliers  employed  in  this  kind  of  work  a  *' tavern  rfroirtff /' who 
weighed  160  lbs.,  whom  he  desired  to  go  up  and  down  forty  steps  of  ^ 
inches  each  (in  all  about  22  feet)  at  the  same  rate  he  would  go  up  and  down 
all  day.  He  went  up  and  down  twice  in  a  minute;  so  that,  allowing  tW 
bucket  with  a  quarter  of  a  hogshead  in  it  to  weigh  140  lbs.,  he  is  aUe  ti^ 
raise  it  up  through  22  feet  twice  in  a  minute :  this  Desaguliers  estiinatw 
as  equiralent  to  a.  whole  hogshead  raised  11  feet  in  a  minute,  and  rather 
exceeds  what  he  has  assigned  a^  a  maximum  of  human  exertion. 

This  machine  is  in  many  cases  not  only  the  most  simple,  but  die  M 
tfiat  can  be  devised ;  yet  it  is  one  that,  without  due  precautions,  is  liWy  t(^ 
be  a  veiy  bad  one.  The  frame  on  which  the  man  st^  must  be  brought  op 
10  its  place  again  by  a  preponderancy  in  the  machine  when  unlodied;  i^ 
should  arrive  precisely  at  the  same  tmie  with  the  man ;  but  it  may  9xe^ 
sooner  or  later.  If  sooner,  it  is  of  no  use,  and  wastes  power  in  nSaif^ 
counterpoise  which  is  needlessly  heavy,  or  in  fact  less  water  is  elevated  WQ 
the  man  is  able  to  etevate :  if  later  there  is  a  loss  of  time.  Hence  the  pH 
lection  of  this  truly  simple  machine  requires  the  judicious  oombtnato^ 
two  maximums,  each  of  which  varies  in  a  ratio  compounded  of  two  iM 
mtios.    It  will  not  be  difllcult,  however,  to  adjust  the  pTOportioiii&  of  ths 
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veielit  of  the  bticketaiid  that  of  tlie  fnaie:  for  if  B  denoU  the  weight  of 
ft*  bucket,  F  that  of  the  frarae,  and  f  the  force  necessary  to  overcome  the 
fiietMm  and  the  inertia  of  the  pulleys,  g  denoting  32i  feet,  t  the  time 
oecupied  in  wftUuiig  up  the  steps,  and  «  the  space  ascended  or  descended| 
hen  must  B  and  F  Ims  so  adjusted  as  to  satisfy  the  following  equation^ 

^  B-F 


•U<* 


B+F+f 

If  there  be  a  spring  affording  but  a  small  quantity  of  water,  or  having 
boc  asmall  &U,  it  is  possible  by  the  loss  of  some  of  the  water  to  raise  the 
rest  to  iiipply  a  gentleaian's  seat,  or  any  place  where  it  is  wanted ;  but  in 
a  less  quantity  tlum  what  runs  waste,  if  the  place  to  which  the  water  is  to  be 
nbed  is  higher  than  the  spring  or  reservoir  from  which  the  water  falls. 
Schottos  long  ago  contiived  an  engine  for  this  purpose :  but  the  first  who 
pet  such  a  thim^  in  execution  was  Gironimo  Finugio,  at  Rome,  in  1616 ; 
Bid  the  first  in  mis  countiy  was  George  Gerves,  a  carpenter,  who,  in  the 
year  17S5,  elected  an  engine  called  the  MultiplyinK-^heel  Bucket-engine, 
tl  the  seat  of  Sir  John  Chester,  at  Chichley,  in  Buckinghamshire.  This 
tn^ine  was  much  approved  by  Sir  Isaac  Nevnon,  Dr.  Desaguliers,  and  Mr. 
Beighton,  and  was  certainly  very  ingenious.  The  water  from  a  spring 
defended  in  a  large  bucket  hanging  by  a  cord  from  an  axle,  while  a  smaller 
VMBtity  was  raised  from  the  same  place  by  a  cord  hanging  from  a  wheel  on 
dM  aane  axle :  a  fly  and  other  rejgulating  apparatus  were  added,  to  makd 
the  engine  work  itself^  which  it  did  for  many  years  without  b^ing  out  of 
Older.  As  a  whole,  however,  the  contrivance  is  complex ;  ana  we  are  not 
aware  that  any  other  engines  of  the  same  kind  have  been  erected.  A 
deKiiptioo,  with  a  plate,  may  be  seen  in  Desaguliers'  second  volume. 

12.  Mr.  H.  SaijeaBt,  of  WhitehaveD,  contrived  a  very  chei^ 
engine  for  raising  water^  for  which  the  Society  for  the  En- 
couragement of  Arts  awarded  him  a  silver  medal  in  the  year 
1801 .    A  ^etch  of  this  simple  invention  is  given  in  fig.  2i5. 

Tikis  engine  vras  erected  at  Irton-hall,  which  is  situated  on  an  ascent  of  60 
or  61  feet  perpendicular  height :  at  the  foot  of  this  elevation,  abo«t  140 
ytids  distant  from  the  offices,  there  runs  a  small  stream  of  water ;  and^  in 
order  to  procure  a  constant  supply  of  that  necessary  fluid,  the  object  was  to 
nise  such  stream  to  the  house  for  culinary  or  domestic  uses.  With  this 
view,  a  dam  was  formed  at  a  diort  distance  above  the  current,  so  as  to 
cause  a  foU  of  about  toox  feet :  the  water  vras  then  conducted  through  a 
wooden  trough,  into  which  a  piece  of  leaden  pipe,  two  inches  in  diameter, 
«u  inserted,  and  part  of  whidi  is  delineated  at  A. 

The  stream  of  this  pipe  is  directed  in  such  a  manner  as  to  run  into  the 
tneket  B,  when  the  latter  is  elevated ;  but,  as  soon  as  it  begins  to  descend, 
tkestieam  passes  over  it,  and  flows  progressively  to  supply  the  wooden 
troQgh  or  w^  at  the  Soot  of  whidi  stands  the  forcing-pump  C,  being  three 
iacfaes  in  diameter. 

D  is  an  iron  cylinder  attached  to  the  pumo-rod,  which  passes 
t^OQgli  it:  mch  cyl^er  is  filled  with  lead,  ana  weighs  about  240 
pamHp,  This  power  works  the  pump,  and  forces  the  water  to  ascend 
to  the  boose  tiuou^  a  pipe  one  indi  in  diameter,  and  which  is  420  feet  in 


.jS  k  ixed  m  oondy  which,  when  the  bucket  qmroaches  to  within  four 
or  five  wAm  of  its  lowest  projection,  extends,  and  opens  a  valve  in  the 
betfton  of  the  twel  tluoiirii  iidiidi  the  water  is  discharged. 

An  engioe  in  a  great  degree  similar  to  this  was  erected  some  years  ago- 

R  2 


Digitized 


by  Google 


94l  THB  OPBRATI VB  MECHANIC 

by  the  kite  James  Spedding,  Esq.  ibr  a  lead  mine  near  Keswick,  whSi  the 
addition  of  a  smaller  bucket  which  emptied  itself  into  the  larger  nevthe 
beginning  of  ibt  descent,  without  which  addition  it  was  ionid  that  tke 
b^eam  only  aequired  a  libratory  motion,  without  making  a  full  and  efiBCtive 
stroke. 

To  answer  this  purpose  in  a  more  simple  way,  Mr.  Sarjeant  constncted 
the  small  engine  in  such  manner  as  to  finish  its  stroke  (speaking  of  the 
buekel  end)  wheu  the  beam  comes  into  a  horizontal  position,  or  a  little 
bcbw  it.  By  this  means  die  lever  is  virtually  lengthened  in  itk  descent 
in  the  proportion  of  the  radius  to  the  cosine,  of  about  tUrty  degrees,  or 
35  seven  tg  six  nearly,  and  consequently  its  power  is  increased  in  an  equal 
proportion. 

It  i^  evident  that  the  opening  of  the  valve  might  have  been  efl^cted,  per- 
haps better,  by  a  projecting  pin  at  the  bottom;  but  Mr.  S.  chose  to  give  an 
e^iict  dc^scrlptJon  of  the  engine  as  it  stands.  It  has  now  been  some  years  in 
use,  acid  eompUitely  answers  the  purpose  intended. 

The  only  artificers  employed,  except  the  plumber,  were  a  comitiy  black- 
smith and  carpenter;  and  the  whole  cost,  exclusive  of  the  pump  and  pipes, 
did  not  amount  to  5/. 

In  a  letter,  dated  Whitehaven,  April  28, 1801,  Mr.  Sarjeant  ofaeenes, 
that  the  pump  requires  about  18  gallons  of  water  in  the  bucket  to  raise  tbe 
counter-weight,  and  make  a  fresh  stroke  in  the  pump ;  but  it  makes  tbiee 
strokes  in  a  minute,  and  gives  about  a  half-gallon  into  the  cistern  at  each 
stroke. «  He  adds,  *^  I  speak  of  what  it  did  in  ^e  driest  part  of  last  sommer; 
when  it  supplied  a  large  family,  together  with  work-people,  &c.  vrithintfr 
for  all  purposes,  in  a  situation  where  none  was  to  be  nad  before,  excejit 
some  bad  water  ^om  a  common  pump,  which  has  been  since  removed.  Bvt 
the  above  supply  being  more  than  sufficient,  the  machine  iS  ocoasiooaUy 
stopped  to  prevent  wear,  which  is  done  by  merely  casting  off  the  string  of 
the  bucket-imlve.'' 

13.  Mr^  Benjamin  Dearboni  has  contrived  an  hydnmlic 
engine  which  may  be  conveniently  added  to  a  common  ptunp, 
ana  thereby  renders  it  useful  in  nirther  elevating  water,  aud 
particularly  in  extinguishing  fires :  the  following  description 
of  his  apparatus  is  extracted'firom  the  Memoirs  o/theAm^ricwn 
Academy, 

Fig.  216.    A,  B,  C,  D,  represents  a  pump,  the  form  of  which  is  simiiax 
to  that  of  the  pumps  commonly  employed  on  ship-board. 
£,  the  spout. 

F,  a  stopper. 

D,  d,  a  plank-cap,  that  is  fitted  to  the  pump,  and  provided  with  leatker 
on  its  lower  surface,  being  secured  by  the  screws  a,  b :  in  the  centre  is  a 
hole,  through  which  the  spear  of  the  pump  passes,  and  round  which  a  leatber 
collar  is  made,  as  represented  at  the  letter  c. 

gy  a  nut  for  the  screw  b, 

fy  a  square  piece  of  wood  that  is  nailed  across  one  end  of  the  pbmh* 
cap,  through  both  which  the  screw  a  is  introduced:  a  hole  is  made 
through  sudi  piece  and  the  cap  that  communicates  with  the  boit  ^  tbe 
pump. 

G,  6,  a  wooden  tube,  which  may  be  of  any  requisite  length,  and  cotfist 
of  any  number  of  joints ;  it  is  made  souare  at  the  lower  extremity,  and  pff* 
forated  for  the  reception  of  the  cock ;  the  upper  end  bemr  made  witha  ifir 
shoulder. 
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^m  «iod«i  eock  that  opes*  or  slnttt  the  oooununiottion  between  the 
fMpaad  the  tube,  beinfl^  fumbhed  on  the  opposite  side  wiUi  a  handle  and 
vilh  a  lock,  in  case  it  should  be  found  necessary. 
Jfc>*t  ii«  two  feralesy  the  object  of  which  is  to  prevent  the  tube  from 

H,  H,  hracesy  eadi  of  which  ought  to  be  crossed  over  another,  as  nearly 
M  Dgkt  10^  as  possible. 

i^  are  trons  in  form  of  a  staple^  which  surround  the  tube,  and  pass 
tboQidi  the  braces;  their  ends  being  perforated  with  holes  for  fore-locks. 

£,  L^  M,  N,  is  a  head  made  of  five  pieces  of  wood ;  A,  /,  m,  n,  a  square 
peo^  in  the  kmecpart  of  which  is  a  hole  for  the  reception  of  the  extremity 
«f^  tnb^  and  which  piece  rests  on  the  shoulder  o,  ^  ;  to  the  lower  end  of 
this  head  n  nailed  a  piece  of  leather,  with  a  hole  in  its  centre,  similar  to 
(hat  made  in  the  wood.  Another  piece  of  leather  of  the  same  form  is 
ybeed  on  the  top  of  the  tube,  and  between  both  is  a  circle  of  thin  plate- 
wasB ;  the  two  pieces  of  leather  and  the  brass  being  pressed  between  the 
kmtr  endof  the  head  ^d  the  shoulder  of  the  tube,    llieir  edges  axe  deli^ 

lMBttd«t0,«. 

K,  N,  and  I^  M,  are  the  edges  of  two  pieces  of  plank,  of  a  similar  width 
with  the  hiid,  to  which  they  are  closely  nailed,  each  being  provided  with  a 
knoo,  that  passes  through  a  mortice  in  the  end  of  the  piece  O,  P :  both 
lOMiis  hafe  boles  for  a  fore4ock  at  f . 

O,  P»  a  piece  of  plank  of  the  same  width  as  the  sides ;  the  centre  of 
whidi  it  perfonted,  in  order  that  the  tube  may  pass  through ;  and  in  eadi 
Old  of  which  it  a  mortice  for  the  reception  of  the  tenons. 

H,  M,a€q>. 

r,  Ty  are  ^o  nieces  nailed  to  the  side  of  the  tube ;  the  lower  extremity  of 
cadi  is  providea  with  a  trock^  with  a  view  to  lessen  the  friction  of  the  head 
in  its  horizontal  revolution. 

€f  f,  represent  fore-locks,  the  design  of  which  is  to  fasten  down  the  head, 
ma  prevent  the  water  from  escaping  at  the  joint  o,  p. 

Q;  By  is  a  wooden  conductor :  the  extremity  marked  with  the  letter  Q 
heiig  sotidy  while  the  opposite  end,  R,  is  bored  with  a  small  au^er. 

9,  a  boh  that  passes  tnrough  the  conductor  and  head,  and  being  secured 
oo  ihe  back  with  a  fore-lock  or  nut :  this  bolt  is  roundea  near  the  head,  and 
square  in  die  middle. 

t,  a,  «r,  #,  repreaents  a  piece  of  iron  or  brass,  designed  to  prevent  the  head 
of  the  iMlt  from  wearing  mto  the  wood. 

S^  S,  i^e  rofies  for  the  diractioQ  of  the  coodpctor. 

lig.  217  rqirescDts  the  head  without  such  conductor. 

c,  5,  e,  d;  is  a  thick  brass  plate,  the  centre  of  which  is  perforated,  so  as  to 
admit  a  passage  to  impurities,  that  might  otherwise  obstruct  the^conduetor : 
for  irideb  purpose  a  piece  of  leather  is  nailed  under  it  to  the  bead.  The 
«|Baie  hole  m  the  centre  is  adapted  to  the  site  of  the  bolt,  which  it^revents 
ftoB  tnnuBg.  TV.conductor  has  a  hollow  cut  round  the  boU  on  Ae  inside, 
of  the  sape  size  as  ihe  circle  of  holes  in  the  brass ;  round  such  cavity  is 
uiled,  on  the  fuce  of  the  conductor,  a  piece  of  leather,  that  j>lays  on  the 
Bwgin  of  the  brass  plate  when  the  conductor  is  in  motion. 

Ib  the  eoadnsioii  of  his  memoir,  Mr.  Dearborn  observes,  that  he  has 
laised  a  tube  of  30  feet  on  his  pump;  and,  though  the-severity  of  the  season 
U  pterented  him  from  completing  it,  so  that  one  person  only  could  work 
^  the  bake,  yet  he  is  enablea  to  throw  water  on  a  contiguous  building,  the 
^nearest  port  of  which  is  37  feet  from  the  pump,  and  between  30  and  40 
ka  m  heighu 
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14.  Archimedes*  Screw y  6r  the  Spiral  Pamp,  or,  »  ft  \% 
called  iQ  Germany^  the  Water-snail,  is  a  machine  for  the 
rBiaing  of  water,  first  invented  by  Archimedes. 

Its  structure  and  use  will  be  understood  by  the  followiDg 
description  of  it. 

Fig.  218.  A,  B,  C,  D,  is  a  wheel,  which  is  turned  round,  according  lo 
Ihe  order  of  the  letters,  by  the  fell  of  water  E  F,  which  need  not  be  more 
than  three  feet.  The  axle  G  of  the  wheel  is  elevated  so  as  to  make  ao 
angle  of  about  44^,  or  between  45*  and  60^,  with  the  horizon ;  and  od  the 
top  of  tliat  axle  is  a  wheel  H,  which  turns  such  another  wheel  I  of  the  same 
number  of  teeth ;  the  axle  K  of  this  last  wheel  being  parallel  to  the  a^e  G 
of  the  two  former  wheels.  The  axle  G  is  cut  into  a  double-tiireaded  saew, 
fig.  219,  exactly  resembling  the  screw  on  ^e  axis  of  the  fly  of  a  common  jad, 
which  must  be  what  is  called  a  right-handed  screw,  like  the  wood  screws,  if 
the  first  wheel  turns  in  the  direction  A  B  C  D ;  but  it  must  be  a  left-handed 
screw,  if  Ae  stream  turns  the  wheel  the  contrary  way ;  and  the  screw  on 
the  axle  G  must  be  cut  in  a  contrary  W9y  to  that  on  the  axle  K,  because 
these  axles  turn  in  contraiy  directions. 

These  screws  must  be  covered  close  over  with  boards,  like  those  of  a 
/cylindrical  cask ;  and  then  they  will  be  spiral  tubes.  Or  tney  may  be  made 
of  tubes  of  stiff  leather,  and  wrapped  round  the  axles  in  shallow  grooves  cat 
therein,  as  fig.  220.  The  lower  end  of  the  axle  G  turns  constantly  in  the 
stream  that  turns  the  wheel,  and  the  lower  ends  of  the  spiral  tubes  are  open 
unto  the  water.  So  that,  as  the  wheel  and  axle  are  turned  rounds  the  water 
rises  in  the  spiral  tubes,  and  runs  out  at  Q,  through  the  holes  M  N,  as  thej 
come  about  below  the  axle.  These  holes,  of  which  there  may  lie  any  nam- 
ber,  as  four  or  six,  in  a  broad  close  ring  on  the  top  of  the  s^e,  into  which 
finff  the  water  is  delivered  from  the  upper  open  ends  of  the  screw  tubes, 
and  f^lls  intp  the  open  box  N.  The  lower  end  of  the  axle  K  turns  cm  a 
gudgeon,  in  the  water  N ;  and  the  spiral  tubes  in  that  axle  take  op  ti» 
water  from  N,  and  deliver  it  into  anotnersuch  a  box  under  the  top  of  K;  on 
which  there  may  be  such  another  wheel  as  I,  to  turn  a  third  axle  by  scch  a 
.wheel  upon  it.  And  in  this  manner  water  may  be  raised  to  any  given 
height,  wnere  there  is  a  stream  sufficient  for  that  purpose  to  act  on  the  broad 
^oat-boards  of  the  first  wheel. 

15.  Another  kind  of  eu^e,  called  the  Pressure  JEngim, 
several  of  which  have  been  lately  erected  in  different  perts  df 
tlie  country,  is  used  for  rising  water  by  the  pressure  and 
jdescent  of  a  column  enclosed  in  a  pipe.  The  principle  was 
first  adopted  in  France,  in  some  machinery  erected  about 
1731,  and  is  described  by  Belidor,  in  his  Arch,  Ifydraul.  lib- 
iv.  ch.  1.  But  the  engine  we  are  now  going  to  describe  is  the 
invention  erf  Mr.  Trevitheck,  who  probably  was  not  aware 
that  one  of  a  similar  nature  had  been  before  attempted.  It 
was  erected  about  thirty  years  ago  at  the  Druid  Copper-mioe^ 
in  the  parish  of  Illogan,  near  Truro. 

A  section  of  it  is  ^ven  in  Fig.  221. 

A  B  represent  a  pipe  six  inches  in  diameter,  through  which  water  descends 
from  the  nead  to  the  place  of  its  delivery  to  run  off  by  an  adit  at  S,  tbrooib 
a  fall  of  34  fathoms  m  the  whole ;  that  is  to  say,  in  a  dose  pipe  down  w 
#lope  of  a  hill  200  fathoms  long,  whh  26  fathoms  fall,  then  perpendicaUrty 
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tUl  il  uiivet  at  B>  and  thaoca  through  the  eagme  from  B  to  S. 
s.  At  the  turn  B  the  water  enters  into  a  chamber  C,  the  lower 
part  of  which  terminates  in  two  brass  cylinders,  four  indies  in  diameter ;  in 
vindi  two  phiBS  or  pistons  of  lead,  D  and  £,  are  capable  of  moving  up 
«id  ^owB  bj  weir  piston-rods^  whidi  pass  through  a  close  packing  above, 
ad  are  attarhffd  to  the  extremities  of  a  chain  teading  over  and  properly 
tftached  to  the  wheel  Q,  so  that  it  cannot  slip. 

Tbe  leaden  pipes^  1>  and  £  are  cast  in  their  places,  and  have  no  uacki^ 
vhaterer.  They  move  very  easily ;  and  if  at  any  time  they  should  become 
kme^  tbej  may  be  spread  out  by  a  few  blows  with  a  proper  instrument, 
withoot  taking  them  out  of  their  place.  On  the  sides  of  the  two  brass 
cytiaders  in  wfaidi  D  and  £  move,  there  are  square  holes  communicating 
towaxda  F  and  G,  whieh  is  a  horizontal  trunk  or  square  pipe,  four  inches 
wide  and  three  inches  deep.  AH  the  other  pipes  G,  G,  and  R,  are  six 
JBcbeB  in  diameter,  except  the  principal  cylinder  wberein  the  piston  U  moves ; 
and  das  cjUnder  is  ten  inches  iu  diameter,  and  admits  a  nine-foot  stroke, 
thongfa  it  is  h»e  delineated  as  if  the  stroke  wVe  only  a  three-foot. 

Hie  piston-Tod  works  through  a  stuffing-box  above,  and  is  attached  to 
M  N,  w^ich  is  the  pit-rod,  or  a  perpendicmac  piece  divided  into  two,  so  as 
to  allow  its  alternate  motion  up  and  down,  and  leave  a  space  between, 
wiilioiit  touching  the  fixed  apparatus  or  great  cylinder.  The  pit-rod  is 
pioloBged  down  into  the  mine,  where  it  is  employed  to  work  the  numps; 
or  if  tl]^  engine  were  applied  to  mill-work,  or  any  other  use^  this  roa  would 
form  the  oommonication  of  the  first  mover. 

K  L  is  a  tumbler,  or  tumbling-bob^  capable  of  being  moved  on  the  gud- 
geon V,  from  its  present  position  to  another,  in  which  the  weight  L  shall 
Eang  over  the  same  inclination  on  the  opposite  side  of  the  perpendicular, 

1  oonsequently  the  end  K  will  then  m  as  much  elevated  as  it  is  now 


!  pipe  R  S  has  its  lower  end  immessed  in  a  cistern,  by  which  means  it 
delivers  its  vrater  without  the  po^ibility  of  the  external  air  introducing 
itself;  so  ^t  it  constitutes  a  torriedlian  column,  or  water  barometer,  and 
renders  the  whole  oolumn  firom  A  to  S  efiectual :  as  we  shall  see  in  our  view 
flf  thft  opeiatKML  . 

Let  OS  suppose  the  lower  bar  K  V  of  the  tumbler  to  be  horizontal,  and 
the  rod  P  O  so  situated,  as  that  the  plugs  or  leaden  pistons  D  and  £  shaU 
lie  opposite  to  eadi  other,  and  stop  tl^  vrater^ways  G  and  F.  In  this  stailt 
of  the  engine,  though  eadi  of  .these  pistoBS  is  pressed  by  a  force  equivalent 
10  man  than  1000  pounds,  they  vnll  remam  motionless,  because  these 
action*  being  oontrary  to  eadi  other,  they  are  constantly  in  equilibrio.  The 
peat  piston  H  being  here  shovm  as  at  £e  bottom  of  its  cylinder,  the  tum- 
Mer  is  to  be  thrown  by  hand  into  &e  position  here  delineated.  Its  action 
upon  OP,  and  consequently  upon  tbe  wheel  Q,  draws  np  the  plug  D,  and 
Aey  leases  £,  m>  that  the  water«>wi^  G  becomes  open  from  A  K  and  that  of 
F  to  the  pipe  R :  the  water  oonse<juently  descends  from  A  to  C ;  thence  to 
G  G  G,  until  it  acts  beneath  the  piston  H.  This  pressure  raises  the  piston, 
and  if  there  be  any  vmter  above  the  piston,  it  causes  it  to  rise  and  pan 
throngh  7  into  R.  During- the  rise  of  the  piston  (which  carries  the  pit-^rod 
M 19  along  with  it)  a  sliding  blodi  of  wood  I,  fixed  to  this  rod,  is  broug^ 
into  contact  with  tfie  tail  K.  of  ^  tumbler,  and  raises  it  to  the  horizontal 
pn^rtion,  beyond  which  it  oversets  by  the  acquired  motion  of  the  wheel  L. 

Tha  mere  rise  of  ^  piston,  if  there  were  no  additional  motion  in  the 
inmbler,  would  only  bring  the  two  plugs  D  and  £  to  the  position  of  rtat, 
namely,  to  dose  G  and  F,  and  then  the  engine  vrould  stop ;  but  the  fall  oC 
Ae  tamhler  carries  the  plug  D  downwards  quite  clear  of  the  hole  F,  and 
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tilt  Oiker  plug  £  lapwurds^  quite  clear  of  the  hole  G.  Tbese  molions  r«qmr€ 
ao  OQHiimiptioii  or  power,  because  lb«  plug?  are  io  equilibrio,  m  wu  just 
observed, 

la  ihiB  new  gtituation  the  column  A  B  jjo  longer  coramunicatas  with  G, 
but  acts  throiigli  F  upon  ihe^upper  part  of  the  pislon  H,  and  depceiBef  it; 
while  the  contents  of  the  ^eat  cylinder  beneath  thai  piiton  are  dnirra  cut 
through  G  G  G,  and  pass  through  the  opening  a  I  £  into  R.  It  may  be 
obterredy  that  the  column  which  acts  against  the  piston  is  assisted  by  ihe 
pressure  of  the  atmosphere,  rendered  active  by  the  coUimn  of  water  hangm; 
in  R^  to  which  that  assisting  pressure  is  equivalent,  as  has  already  b«ea 
noticed . 

\Mien  the  piston  lias  descended  through  a  certain  letifth,  iht  liiJe  m 
block  at  T,  upon  the  pit-rod,  applies  against  the  tail  K  of  the  tumbler^ 
which  it  depresses,  and  again  oversets ;  producing  onct  more  the:  pbilM 
of  the  plugs  D  E,  here  delineated,  and  the  consec^ueot  ast^nt  of  M  gmt 
piston  ll,  as  before  described.  The  ascent  produces  it*  former  effect  on  the 
tumbler  and  plng« ;  and  in  this  manner  it  is  evident  ibai  the  altCTalions  will 
go  00  without  limit,  or  until  the  manager  shall  think  fit  to  place  the  tumbler 
aod  plugs  D  E  in  the  positions  of  rest ;  namely,  so  as  to  stop  the  |)affi3|ti 
F  and  G- 

Tlie  length  of  the  stroke  may  be  varied  by  altering  the  positions  of  lite 
pieces  T  and  t,  which  w^ll  shorten  the  stroke  the  nearer  ibey  ace  together; 
aji  in  that  case  they  will  sooner  alternate  upon  the  tail  K. 

As  the  sudden  stoppage  of  the  descent  of  the  column  A  B,  at  the  insiut 
-when  the  two  plugs  were  both  in  ihe  water-way,  might  jat  atid  shake  M 
apparalus,  those  plugs  are  made  half  an  inch  shorter  than  the  depth  of  Ik 
ftioe  holes ;  so  that  in  that  ca^e  the  water  can  escape  directly  tbroofh  bodi 
^t  smalt  cylinders  to  R.  This  gives  a  moment  of  time  for  the  generatioa 
cf  the  contrary  motion  in  the  pii^ton  and  the  water  in  0  G  G,  and  greatlj 
deadens  the  concnasion  which  might  else  be  produced. 

Some  former  attempts  to  make  preasure^cngines  tipon  the 
principle  of  the  gteam-engiiie  have  failed  |  because  water,  not 
being  elastic^  could  not  be  mftdc  to  carry  the  piston  oDwanb 
a  little^  so  as  completely  to  shut  one  set  of  valves  and  open 
ajiother.  In  the  present  judicious  constructiou,  the  tuinbkf 
performs  the  office  of  tli0  expansive  force  of  steam  at  the  ejul 
of  the  stroke,  ' 

Mr,  Bog  well  suggests^  as  a  coneiderable  improveraentj  that 
the  action  of  this  engine  should  be  made  elastic  by  the  addi- 
tion of  an  air-chamber^  ou  the  i&tne  principle  s^  that  used  in 
fire-engines ;  this/ he  thihks^^^ht  be  best  effec  ^  by  making 
the  piston  hollow,  with  k  smau  prifice  in  the  I  btt^m,  and  « 
a  larger  ^ize,  to  serve  for  this  piirpose,  as  the  sp  nag^of  the  air 
wotUd  th^n  act  both  on  tli^e  upwand  aud  downwi  rd  pr^sare  of 
the  water. 

There  are  many  other  ingenious  hydranltc  tnpaes  of  great 
utility,  wfucl^  the  limits  of  otir  work  will  net  permit  us  to 
describe ;  in  order,  therefore,  to  supply  the  deficiency,  «c 
shall  add  a  catalogue  of  the  most  important  wr  tings  ou  Uui 
)iind  of  cjngine^ 
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PcjuipUo  Mag^fMB  HydnniMB  cariose  eonslnMite  JoluGeor.  Fra^M. 
VcocL  16or. 

Nomrdle  IiiTentioii  de  lever  TEau  plus  haut  que  la  Source,  avec  quelque 
lfachh¥fg  Mcmnuiies  par  le  Mojen  de  I'Eeu,  &c.  par  Isaac  de  Caus,  1657. 

Josephi  Gregorii  a  Monte  Sacr.  Prindpia  Fhysioo-mechanica  diT^aarum 
Marhmaruin  seu  InatiumeDtoram  Pneumatices  ac  Hydrauliccs.  Venet.  1664. 

Nourelle  Machine  Hydrauliquey  par  Francini.  Joum.  des  S^r,  1669. 

[An  account  of  this  machine  is  likewise  given  in  the  Architecture  Hy« 
toiikjne  of  Belidor,  torn.  2.  and  in  the  2d  vol.  of  Desaguliera'  Experi- 
nental  Philosop^hy:  m  both  whidi  performances  many  other  hydraulic 
nadunes  are  described.] 

An  Undotaking  tn  raising  Water,  by  Sir  Samuel  Moreland.  Phil.  Trans. 
1674,  No.  102. 

An  Hydranlic  Engine,  bv Phil.  Trans.  1675,  No.  128. 

A  cheap  Pump,  by  Mr.  Conyers.    Phil.  Trans.  1677,  No.  186. 

M.  de  Haut^raille,  H^exions  sur  quelques  Machines  k  dlever  les  Eaux, 
avec  sa  Description  d'une  nouveUe  Pompe,  sans  Frottement  et  sans  Piston, 
Itc  1682. 

Elevation  des  Eaux  par  toute  sorte  de  Machines,  r^uite  k  la  mesure,  au 
poids,  k  la  balance,  par  le  moyen  d'un  nouveau  piston  et  corps  de  pompe,  et 
d'on  txmveau  mouvement  cyclo-elliptique,  et  rejetant  Tusage  de  toute  sorte 
de  maniveDes  ordinaires,  par  le  ChevaUer  Morland.   1685. 

A  new  Way  of  raising  Water,  enigmatically  proposed,  by  Dr.  Papin. 
Phil.  Trans.  1685,  No.  173.  The  sohitions  by  Dr.  Vincent  and  Mr.  R.  A. 
in  No.  177. 

M.  da  Ibrax,.  Nouvelles  Machines  pour  ^puiser  ]*Eau  des  Fondations, 
^,  quoique  ti^  simples,  font  nn  effet  surprenant.  1695.  Joum.  des  Sfav. 
1695,  p.  293. 

An  Engine  for  raising  Water  by  the  hdp  of  Fire,  by  Mr.  Tho.  Savery. 
Phil.Trans.  1699,  No.  253. 

D.  Papin,  NouveAe  Mani^re  pour  lerer  TEau  par  la  Force  du  Feu : 
^Cassel.  1707. 

H^moire  pour  la  Construction  d'une  Pompe  qui  foumit  continuellement 
de  TEau  dans  le  R^enroir,  par  M.  de  la  Hire,  Mem.  Acad.  Sci.  Paris.  1716. 

Description  d'one  Machme  pour  Clever  des  Eaux,  par  M.  do  la  Faye, 
Mem.  Acad.  Sd.  Paris.   1717. 

Joh.  Jac  Bnickmann*s  und  Jbh.  Heinr.  Weber*s  Elementar-maschine, 
Oder  uttiversal-inittel  bey  alien  wasser-hebungen.    Cassel.  1720. 

Jacob  Leupold,  Theatri  Machinarum  Hydniulicarum.     1724, 1725. 

Joh.  Frid.  Weidleri  Tractatus,  de  Machinis  Hydraulids  toto  terrarum 
orhe  maximis  Marlyensi  et  Londinensi,  &c.  1727.  Vide  Act.  erudiU 
lips.  1728. 

A  Description  of  the  Water-works  at  London-bridge,  by  H.  Beighton, 
F.R.8.    Pfel. Trans.  1731,  No.  417. 

An  Aooonnt  of  a  new  Engine  for  raising  Water,  in  whidi  horses  or  other 
animais  ^w  without  any  loss  of  power  (which  has  never  yet  been  prac- 
tised ;)  and  how  the  strokes  of  the  piston  may  be  made  of  any  lei^th,  to 
pevent  the  loss  of  water  by  the  too  frequent  opening  of  valves,  &c  by 
Waiter  Churdiman.    Phil.  Trans.  1734. 

Sur  Y2Mst  d'une  Bfaehine  Hydraulique  propose  par  M.  Segner,  pa? 
it  LtoD.  Eoler,  Mem,  Acad.  Sd.  Berlin.    1750. 

Application  de  la  Machine  Hydraulique  de  M.  Segner  i  tontes  sortes 
f^fonhft^  et  de  ses  avantages  sur  les  autres  Machines  Hydrauliques,  par 
^.  LeoD.  Euler,  Mem.  Acad.  Sd.  Berlin.   1751. 

[H.  Segner's  madiioe  is  no  other  than  the  simple  yet  truly  ittgeaioiii 
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oooArivance  known  bjrtlitiiasM  of  B>tfker*smaiywliGb  had  beea  docribed 
in  the  2d  roliune  of  Desaguliers'  Philosophy,  some  years  before  the  Gennn 
pfofestor  made  maj  pretensions  to  the  honour  of  the  in?entioD.  The  theoiy 
of  it  is  likewise  treated  by  John  Bemonlli  at  the  end  of  his  Hydraulics.] 

Rcckercbes  sur  nne  nouveUe  mani^re  d*61eTer  de  TEau  propose  ptr 
M.  de  Moor,  par  M.  L.  Euler,  Mem.  Acad.  Berlin.  1751. 

Discussion  particulihv  de  diverses  maa^^res  d'^lever  de  I'Eau  par  le 
aooyen  des  Pompes,  par  M.  L.  Euler,  Men^  Acad.  Ber.   1752. 

Maximes  poor  arranger  le  plus  aTantageusement  les  Machines  destinte 
i  ^Wver  de  I'Eaii  par  le  mqyen  des  Pompes,  par  M.  L.  Euler,  Mem.  Acad. 
Ber.   1752. 

Riiezions  aur  les  Machines  Hydrauliques,  par  M.  le  Cheralier  I^Arcy, 
Mem.  Acad.  Sci.  Paris.   1754. 

M^moire  sur  les  Pompes^  par  M.  le  Chevalier  de  Borda,  Mem.  Acad. 
Sci.  Paris.   1768. 

Dan.  Bernoulli  EzpositSo  Theoretica  singularis  Madiine  HydraulicK. 
Figuri  helTetiorum,  exftructc.    Nov.  Com.  Acad.  Petrop.   1772. 

Abhandlungen  von  der  Wasserschraube,  von  D.  Scherner,  Priester.  Wien. 
1774. 

Recherches  sur  les  Moyens  d'ex6cuter  sous  TEau  toutes  sortes  de  Traranx 
Hydrauliques,  sans  employer  aucun  Epuisement,  par  M.  Coulumb.   1779. 

Saemund  Magnussen  Holm^  £fterretning  om  skyePumpen.  KiobenhaTo. 
1779. 

Moyen  d'augmenter  la  Vitesse  dans  le  Mouvement  de  la  Vis  d'ArchimMe 
sur  son  Axe,  tir^  des  M^moiies  Manuscrits  de  M.  Pingeron,  sur  les  Aits 
utiles  et  agr^ablra.    Joum.  d'Agric.  Juin,  1780. 

The  Theorr  of  the  Syphon,  plainly  and  methodically  illustrated.  1781. 
(Richardson.) 

.  Memoria  sopra  la  nuova  Tiomba  Fnniculare  Umiliata,  dal  Can.  Cario 
Castelli.   Milano.  1782. 

Dissertation  de  M.  de  Pardeux,  but  le  moyen  d'^lever  TEau  par  la  raU- 
tion  d'une  corde  verticale  sans  fin.    Amsterdam  et  Paris,  1792. 

Theorie  der  Winischen  Spiral  Pumpe^  erlautert  von  Heinr.  Nicander. 
Scbvired.  Abhandl.  1783. 

Jac.  Bernoulli,  Essai  sur  une  nouvelle  Machine  Hydraulique  propre  i 
Clever  de  TEau,  et  qu'on  pent  nommer  Machine  Pitotienne.  itov.  Act 
Acad.  Petrop.  1786. 

K.  Ch.  Langsdorf 's  Beiechnungen  iiber  die  Vortheilhieftere  Benutzmig 
Angelcgter  Fammelteiche-  zur  Betriebung  der  Maschinen.  Act.  Acad.  Elect 
Mo^unt.  1784,  1785. 

Nicander's  Theorie  der  Spiral  Pampe.  1789. 

Nouvelle  Architecture  Hydraulique,  par  M.  Prony.  1790, 1796. 
,  A  short  Account  of  the  Invention,  Theory,  and  Practice  of  Fire  Machineiy ; 
or,  Introduction  to  the  Art  of  making  Machines  vulgarly  called  Stfsm- 
Engines,  in  order  to  extract  vrater  from  mines,  convey  it  to  towns,  and  >Ets« 
d'eaux  in  gardens ;  to  procure  water-&lls  for  fulling,  hammering,  stanquogf 
rolling,  and  com^miUs;  by  W.  Blakey.   1793. 

PUMPS. 

1 ..  The  construction  of  pumps  is  usually  explained  by  glasi 
models,  in  which  the  action  both  of  the  pistons  and  valvei 
may  be  seen. 

In  Older  to  understand  the  ttrocture  and  operation  of  the  common  pom 
let  the  model  DC  B  L,  fig.  322,  be  placed  vpright  in  the  vessel  of  water  I» 
tin  waller  being  deep  enough  to  rise  at  least  as  high  as  from  A  to  L.   T* 
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▼aire  a  on  the  moTable  bucket  O,  and  the  vtUve  b  on  the  hud  box  H, 
(which  box  quite  fills  the  bore  of  the  pipe  or  barrel  at  U^)  win  tskch  lie  close 
by  its  own  weight,  upon  die  hole  in  tte  bucket  and  box,  until  the  engine 
begins  to  work.  The  ralyes  are  made  of  brass,  and  cotered  underneath 
wUh  leather^  for  closing  the  hole  more  exactly;  and  the  bucket  6  is  raised 
and  depressed  ahematdy  by  the  handle  £  and  rod  D  d^  the  bucket  being 
sBmKMed  at  B  before  the  woikinff  begins. 

Take  hotd  of  the  handle  £,  and  tho^by  draw  up  the  bucket  from  B  to  C, 
which  will  make  room  for  the  air  In  the  pump  all  the  way  below  the  bucket 
to  dilate  itself,  by  which  its  spring  is  weakened,  and  then  its  ibrce  is  not 
^qmTalent  to  the  weight  or  pressure  of  the  outward  air  upon  the  water  in 
the  Tcssel  K ;  'and  thereibre,  at  the  first  stroke,  the  outward  air  wiU  press 
ap  the  water  through  the  notched  foot  A,  into  the  lower  pipe,  as  for  as  e  ; 
tius  will  condense  the  rarefied  air  in  the  pipe  between  e  ana  C  to  the  same 
state  as  it  was  in  before ;  and  then,  as  its  spring  within  the  pipe  is  equal  to 
dke  force  or  pressure  of  the  outward  air,  the  water  will  rise  no  hiffher  l>y  the 
fest  stroke ;  and  the  vaWe  A,  which  was  raised  a  little  by  the  dilatation  of 
the  air  in  the  pipe,  will  fiUl,  and  stq>  the  hole  in  the  box  H ;  and  the  surface 
4^  the  water  will  stand  at  e.  Then  depress  the  piston  or  bucket  from  C  to 
B,  and  as  the  air  in  the  part  B  cannot  get  back  again  through  the  ralve  6, 
it  win  (as  the  bucket  descends)  raise  the  TaWe  a,  and  so  make  its  way 
thraugfa  the  upper  part  of  the  barrel  d  into  the  open  dr.  But,  upon  raising 
the  budEet  6  a  second  time,  the  air  between  it  and  the  water,  in  the  lowef 
me  at  tf,  win  be  again  left  at  liberty  to  fiU  a  larger  space ;  and  so  its  spring 
beug  ^pin  weakened,  the  pressure  of  the  outward  air  on  the  water  m  the 
▼essel  K  will  force  more  water  up  into  the  lower  pipe  from  e  to /;  and 
when  the  bucket  is  at  its  greatest  neight  C,  the  lower  ralve  b  will  fill,  and 
Mop  the  hole  in  the  box  H  as  before.  At  the  next  stroke  of  the  bucket  or 
piston,  the  water  wiU  rise  through  the  box  H  towards  B,  and  then  die  valve 
b,  which  was  raised  by  it,  wiU  &11  when  the  bucket  G  is  at  its  greatest 
beigfat.  Upon  depressing  the  bucket  again,  the  water  cannot  be  pushed 
back  through  the  valve  6,  which  keeps  close  upon  the  hole  whilst  the  piston 
descends.  And  upon  raising  the  piston  aeain,  the  outward  pressure  of  the 
air  wiU  force  the  water  tip  Ulro^gh  Hy  mere  it  win  raisd  the  valve,  and 
follow  the  budket  to  C.  Upon  the  next  depression  of  the  bucket  G,  it  will  go 
down  into  the  water  in  the  bsirrel  B ;  and  as  the  water  cannot  be  driven  back 
through  the  now  close  valve  b,  it  will  raise  the  valve  a  as  the  bucket  descends, 
aind  wiU  be  lifted  up  by  the  bucket  when  it  is  next  raised.  And  now,  the 
^hole  space  bdow  the  bucket  beins  fiiD,  the  water  above  it  cannot  sink 
^*lMn  it  a  depressed ;  but  upon  its  ^pression,  the  valve  a  wiU  rise  to  let 
tW  budget  go  down ;  and  when  it  is  quite  down,  the  valve  a  will  fan  by  its 
own  weiehty  and  stop  the  hole  in  the  bucket.  When  the  bucket  is  next 
nised,  all  the  water  above  it  win  be  lifted  up,  and  begin  to  run  off  by  the 
pipe  F.  And  thus,  by  raising  and  depressing  the  budiet  aHematdy,  there 
n  itill  more  water  raised  by  it;  which  g^ng  above  the  pipe  F,  into  the 
^vide  Ufp  I,  WiU  supply  the  pipe,  and  mike  it  run  with  a  continued  stream. 

So,  at  every  time  the  bucket  is  raised,  the  valve  b  rises,  and  the  valve  a 
^;  and  at  every  time  the  bucket  is  depressed,  the  valve  b  fidls,  and  the 
'aHe  a  rises.  ^ 

As  it  it  the  prestore  of  the  air  or  atmosphere  whidi  causes  the  vrater  to  rite, 
ndloaowtepislonorbucketGai  it  it  drawn  up;  and  tince  acolumnofwatcir 
32  feet  high  n  of  equal  weight  with  as  thick  a  column  of  the  atmosphere, 
^rom  the  earth  to  the  very  top  of  die  air;  therefore  the  perpendicular  neight 
^  fhe  piston  or  budnt  from  ue  surfoce  of  die  water  in  the  weU  must  always 
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be  lest  thftn  39  fe«l;  otkerwiM  the  water  will  nerer  get  above  the  tadut 
Bui  when  the  height  if  lew,  the  presfure  of  the  atmosphere  will  be  greater 
than  the  weight  of  the  water  in  the  pump,  and  will  therefore  raise  it  abore 
the  bucket ;  and  when  the  water  has  once  got  above  the  bucket,  it  may  be 
lifted  to  any  height,  if  the  rod  D  be  made  loiig  enough,  and  a  snffioent 
degree  of  strengSi  be  employed,  to  raise  it  with  the  weight  of  the  water 
above  the  budget  without  ever  lengthening  the  stroke. 

The  force  reqmred  to  work  a  pump  wBl  be  as  the  height  to 
which  the  water  is  raised,  and  as  the  square  of  the  diameter 
of  the  pump-bore  in  that  part  where  the  piston  works.  So 
that  if  two  pumps  be  made  of  equal  heights,  and  one  of  them 
be  twice  as  wide  in  the  bore  as  the  other,  the  widest  will  raise 
four  times  as  much  water  as  the  narrowest,  and  will  require 
therefore  four  times  as  much  strength  to  work  it. 

The  wideness  or  narrowness  of  Uie  pump  in  any  other  part 
besides  that  in  which  the  piston  works,  cioes  not  make  the 
pump  either  more  or  less  dLflBcult  to  work,  except  what  differ- 
ence may  arise  from  the  friction  of  the  water  in  the  bore, 
which  is  always  greater  in  a  narrow  bore  than  in  a  wide  one, 
because  of  the  great  velocity  of  the  water. 

The  pump-rod  is  never  raised  directly  by  such  a  handle  as 
E  at  the  top,  but  by  nieans  of  a  lever,  whose  longer  arm  (at 
the  end  of  which  the  power  is  applied)  generally  exceeds  the 
length  of  the  shorter  arm  five  or  six  times,  and  by  that  means 
gives  five  or  six  times  as  much  advantage  to  the  power.  Upon 
these  principles,  it  wlQ  be  easy  to  find  the  dimensions  of  a 
pump  that  shall  work  with  a  given  force,  and  draw  water 
from  any  given  depth. 

The  quantity  of  water  raised  by  each  stroke  of  the  pump- 
handle  is  just  as  much  as  fills  that  part  of  the  bore  in  which 
the  piston  works,  be  the  size  of  the  rest  of  the  bore  above  and 
below  the  piston  what  it  will.  The  pressure  of  the  atmo- 
sphere will  raise  the  water  S2  feet  in  a  pipe  exhausted  of  air ; 
but  it  is  advisable  never  to  have  the  piston  more  than  20  or 
24  feet  above  the  level  of  the  surface  of  the  water  in  whidi 
the  lower  end  of  the  pump  is  placed ;  and  the  power  required 
to  work  the  pump  wul  be  the  same,  whether  the  piston  goes 
down  to  lie  on  a  level  with  the  surfiace  of  the  well,  or  wiiether 
^t  works  30  feet  above  that  surfiice,  because  the  weight  <^  the 
l»lupan  of  air  that  the  piston  lifts  is  equal  to  the  weight  or 
pressure  of  the  column  of  water  ndsed  by  the  pressure  of  the 
^r  to  the  piston.  And  althouj^  the  pressore  of  the  air  on 
the  surfiice  of  the  well  will  not  raise  or  force  up  the  water  in 
^the  pump-bore  more  than  82  feet,  yet  when  the  piston  goes 
^Qwn  into  the  column  so  rused,  the  water  gets  above  it,  9fid 
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fliay  tiwn  be  nosed  to  any  hngfat  iMiuilever  above  the  piston^ 
according  to  the  qnanUty  of  power  applied  to  the  haudle  of 
the  pump  for  that  porpoie. 

Pmnpa  ou^t  to  be  made  ao  (aaya  Mr.  Ferguson)  as  to  woric 
with  eqoal  ease  in  raising  the  water  to  any  given  height  above 
the  waAet  of  the  well.  And  this  may  be  done  by  duly  pro- 
pofftiooing  the  diameter  of  the  bore  (in  that  part  where  the 
piilOB  wozki)  to  the  height  the  water  is  to  be  raised^  as  that 
the  column  cf  water  may  be  no  heavitf  in  a  long  pump  than 
k  a  flhort  one,  or  indeeci  equally  heavy  in  all  pumps  from  the 
shoftett  to  the  longest,  on  a  supposition  that  the  diameter  of 
the  bore  is  the  same  size  from  top  to  bottom ;  and  whieO^ver 
sbe  the  bore  be,  above  or  below  that  part  in  which  the  piston 
works,  the  power  required  to  work  the  pump  will  be  just  the 
SBoie  aa  if  the  bore  was  of  the  same  size  throughout. 

In  order  that  a  man  of  common  strength  may  raise  water 
Inr  pmnps  with  the  same  ease,  to  any  heij^t  not  less  than 
10  teet,  or  more  than  100  feet,  above  the  surfiEure  of  the  well, 
Mr.  Ferguson  has  calculated  the  annexed  table,  in  which  the 
(Sameter  of  the  bore  is  duly  proportioned  to  the  height;  and 
ia  these  calculations  he  supposes  the  pump-handle  to  be  a 
kfer  increasing  the  power  five  times. 


Rti(kl  oTtlM 

Diameter  of  tiM 

Water  di«^ 

baiMdin 

oTtbcvclL 

bore. 

100  pant  of 
lachet.  aaiBch. 

a  minute^ 
ia  wine  meaMire. 

Galloo*.    Pinu. 

10 

6 

•93 

81 

6 

15 

5 

•66 

54 

4 

20 

4 

•90 

40 

7 

25 

4 

•38 

32 

6 

30 

4 

•00 

27 

2 

35 

3 

•70 

23 

3 

40 

3 

•46 

20 

8 

45 

3 

'2T 

18 

1 

50 

3 

•10 

16 

3 

55 

2 

•95 

14 

7 

60 

2 

•84 

13 

5 

65 

2 

•72 

12 

4 

70 

2 

•62 

-11 

5 

T5 

2 

•53 

10 

7 

80 

2 

•45 

10 

2 

85 

2 

•38 

9 

5 

90 

2 

•31 

9 

t 

95 

2 

•25 

8 

5 

100 

2 

•19 

8 

1 

In  the  first  colomn  lode  for  the  number  of  feet  the  \vater  i$ 
to  be  nted ;  then,'  in  the  second  column,  you  have  the  di»- 
meter  of  that  part  of  the  bore  in  which  the  piston  or  bucket 
vorks;  and  in  the  third  column^  the  quantity  of  water  ^i^ich 
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a  man  of  ordinary  strength  can  raise  in  a  minofte  bjr  the  puif 
to  the  ^ven  height. 

The  quantity  of  water  contuned  in  a  pipe  of  eitker  of  thoat 
heights  m  the  table,  supposing  the  diameter  of  the  bore  to  be 
the  same  from  top  to  bottom,  is  4S3S*2  cubic  inehet,  or  19^ 

Sdlons  in  ^dne-measure,  as  near  as  the  hmidredth  part  of  m 
ch  in  the  diameter  of  the  bore  can  mal»  it. 
Mr.  Ferguson  has  calculated  the  following  taUe,  by  whicb 
the  quantity  and  weight  of  water  in  a  cyKndriciA  bare  of  any 
given  diameter  and  perpendicular  heigiit  may  be  very  readily 
found. 

Dkmetir  of  the  eplimhietU  bore  1  hek. 


Fett  high. 

Quantity  of  water, 
in  cttUc  inclie*. 

Weight  of  water* 
In  troy  ounce*. 

In  aruirdupobe  ounce*. 

1 

9-4247781 

4-9712340 

5*4541639 

2 

18-8495562 

9-9424680 

10-9083078 

3 

28-2743343 

14-9137020 

16-3624617 

4 

37-6991124 

19-8849360 

218166156 

5 

471238905 

24-8561700 

27-2707695 

6 

56-5486686 

29-8274040 

32-7249234 

7 

65-9734467 

34-7986380 

381790773 

8 

75-3982248 

39-7698720 

43-6332312 

9 

84-8230029 

44-7411060 

490873851 

For  tens  of  feet  high,  remove  the  decimal  points  one  place 
towards  the  right  hand ;  for  hundreds  of  feet,  two  places ;  for 
thousands,  three  places;  and  so  on.  Then  multiply  each 
sum  by  the  square  of  the  diameter  of  the  given  bore^  and  the 
products  will  be  the  answer. 

EXAMPLB : 

Qti.  What  is  the  quantity  and  weij^t  of  water  in  an  upmfat 
pipe  85  feet  high,  and  10  inches  in  diameter  of  bore  ?  Tae 
square  of  10  is  100. 


Feet  high. 

80 

5 

Cubic  inches. 

753-  982248 

471238905 

TVof  ooncet. 

397-  698720 

24*8561700 

Afolnlupoiat  mmcci. 

436*  332312 

27*2707695 

85 
Multiply  1 

801*1061385 
\pf 100 

422*5548900 
100 

463-6030815 
100 

Answer  . . 

80110-6138500 

42255*4890000 

46360*  308150 

Wliich  number  (80110*61)  of  cubic  inches  being  dirided  by  231,  the 
number  of  cubic  inches  in  a  wine  galkm,  gives  342*6  for  the  rmiiifcii  of 
gallons  in  the  pipe  ;  and  42256*489  troy  ounces  beipg  divided  by  12,  fhw 
3521*29  for  tiie  weight  of  the  water  in  tioy  pounds ;  and,  Ustl^,  46360*3 
avoirdupoise  ounces  being  divided  by  16,  gives  2897*5  for  the  weight  is 
avoirdupoiseT)o\mds. 
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The  power  required  to  wodc  a  pnaqp,  or  any  other  hydraulic 
engine,  rniMt  not  only  be  equal  to  the  whole  column  of  water 
in  the  pani^4wre,  but  as  much  superior  to  it  as  will  overcome 
dl  the  firietio&  <tf  the  working  parts  of  the  enj^e. 

2.  Ib  Dr.  Or^ory's  Mechamc^,  vol.  ii.  is  the  following 
descriplieii  ef  a  pump,  with  little  friction,  which  may  be  con- 
structed in  a  variety  of  ways  by  any  common  carpenter, 
witliout  the  assistance  of  the  pump-maker,  or  plumber,  and 
which  wiU  be  very  effective  for  raising  a  great  quantity  of 
witer  to  small  h^hts,  as  in  draining  marshes,  marie  pits, 
quanies,  &c.,  or  even  for  the  service  of  a  house. 

ABC  D,  fig.  223,  is  a  square  trunk  of  carpenter's  work  open  at  both 
ends,  and  having  a  liule  ctstem  and  spout  at  top.  Near  the  Inottom  there 
is  a  partition  made  of  board,  perforated  with  a  nole  £,  and  covered  with  a 
dock,  f/ff  represent  a  long  cylindrical  bag  made  of  leather  or  of  double 
canvass,  with  a  ibid  of  thin  leather,  such  as  £eep  skin,  between  the  canvass 
bags.  This  is  firmly  nailed  to  die  board  £  with  soft  leather  between.  The 
upper  end  of  this  bag  is  fixed  on  a  round  boavd  having  a  hole  and  valve  F. 
Inis  board  may  be  turned  in  the  lathe  wi^  a  groove  round  its  edge,  and 
the  bag  fastened  to  it  by  a  cord  bound  tight  round  it.  Tlie  fork  of  the 
ptston-rod  FG  is  firmly  fixed  into  this  board ;  the  bag  is  kept  distended  by 
a  number  of  wooden  hoops  or  rings  of  strong  wire, //,//, //J  &c.  put  into 
it  at  a  few  inches  distance  firom  each  other.  It  will  l>e  proper  to  connect 
tlwse  Ikkmw,  before  putting  them  in,  by  three  or  ibnr  cords  from  top  to  bottom, 
which  will  keep  them  at  their  proper  distances.  Thus  will  the  bag  have 
the  form  of  a  barber's  bellows  powder-puff.  The  distance  between  the 
hoops  should  be  about  twice  the  breadth  of  the  rim  of  the  wooden  ring  to 
wbieh  the  uoper  valve  and  piston-rod  are  fixed. 

Now  let  tnis  trunk  be  immersed  in  the  water.  It  is  evident  that  if  the 
)>ag  be  stretched  from  the  compressed  form  which  its  oi^  weight  will  give 
it  by  drawtnff  up  the  piston-rod,  its  capacity  will  be  enlarged,  ^e  valve  F 
wiU  be  shut  by  its  own  weight,  the  air  in  the  bag  will  be  rarefied,  and  the 
atmoephere  will  psess  the  water  into  the  bag.  When  the  rod  is  thrust 
down  again,  this  water  will  come  out  hj  the  valve  F,  and  fill  part  of  the 
trunk.  A  repetition  of  the  operation  will  have  a  similar  efibct ;  the  tmok 
win  be  filled,  and  the  water  will  at  last  be  discharged  by  the  spout. 

Here  is  a  pump  almost  divested  of  friction,  and  perfectly 
H^L  For  the  leather  between  the  folds  of  canvass  renders 
the  bag  impervious  both  to  air  and  water.  And  the  canvass 
has  very  considerable  strength.  We  know,  from  experience, 
that  a  bag  of  £ix  inches  diameter,  made  of  sail-clotn  No.  3, 
with  a  sheep-skin  between,  will  bear  a  colunm  of  15  feet  of 
water,  and  six  hours  work  per  day  for  a  month  without 
fiukune,  and  that  the  pump  is  considerably  superior  in  effect 
to  a  common  pump  of  the  sanie  dimensions.  We  must  only 
observe^  that  the  length  of  the  bag  must  be  three  tfanes  the 
intended  length  of  tl^  stroke }  so  that  when  the  piston-rod  is 
in  its  highest  position,  the  angles  or  ridges  of  the  bag  may 
l>e  pretty  acute.    If  the  bag  be  more  stretched  than  thts^ 
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the  force  which  miutt  be  exerted  by  the  hibomer  beoottei 
much  greater  than  the  weij^t  of  the  column  of  imter  wfaich^ 
he  is  raising.  If  the  pump  be  laid  aalope^  which  is  very  uaoaL 
in  these  occasional  and  h^ty  drawings,  it  is  neceasary  to 
make  a  guide  for  the  piston-rod  witlun  the  trunky  that  the 
bag  may  play  up  and  down  without  rubbing  on  the  miu^ 
which  would  quickly  wear  it  out. 

The  experienced  reader  wUl  see  that  this  pump  is  ytxj 
like  that  of  Gosset  and  De  la  Deuille,  described  by  BeUdor, 
Tol.  ii.  p.  120,  and  most  writers  on  hydmulics.  It  would  be 
still  more  like  it,  if  the  bag  were  on  the  under  ride  of  the 
partition  £,  and  a  valve  placed  further  down  the  trunk.  Bat 
we  think  that  our  fi>rm  is  greatly  preferable  in  point  of 
strength.  When  in  the  other  situation,  the -column  of  water 
lifted  by  the  piston  tends  to  burst  the  bag,  and  this  with  a 

Seat  force,  as  the  intelligent  reader  well  knows.  But  in  the 
rm  recommended  here,  the  bag  is  compressed^  and  the 
strain  on  each  part  mav  be  made  much  less  than  that  whidi 
tends  io  burst  a  bag  of  six  inches  diameter.  The  nearer  the 
rings  are  placed  to^  each  other  the  smaller  will  the  strain  be^ 
The  same  bag-pipton  may  be  employed  for  a  forcing-pump, 
by  placing  it  below  the  partition,  and  inverting  the  valve) 
and  it  will  then  be  equally  strong,  because  the  resistance  in 
this  case  too  will  act  by  compression. 

3.  An  ingenious  variation  in  tlie  construction  of  the  sucldng- 
pump,  is  that  with  two  piston-rods,  in  the  same  barrel,  in- 
vented bv  Mr.  Walter  Taylor,  of  Southampton.  A  vertical 
section  of  this  pump  is  given  in  fig.  S^.  • 

TTie  piston-rods  hare  racks  at  their  upper  parts  working  on  the  opposite 
sides  of  a  pinion,  and  kept  to  their  proper  positions  by  friction-rollers. 
The  valves  used  in  this  pump  are  of  three  kin^  as  shown  at  n^  6,  and  e. 
The  former  is  a  spheric  segment  which  slides  up  and  down  on  the  piston- 
rod,  and  is  brought  down  }jf  its  own  weight;  the  second,  1^  is  osUed  the 
pendulum-valve;  and  the  third,  c,  is  a  globe  whidi  is  raised  l^  the  1909 
water,  and  fiiUs  again  by  its  own  weight.  Each  of  these  Talves  will  dis- 
engage itself  from  chips,  sand,  gravel,  &c.  brought  up  by  the  v^ter.  la 
this  kind  of  pump  the  pistons  may  either  be  put  m  motion  by  a  handle  id 
the  nsnal  way,  or  a  rope  may  pass  round  the  wheel  tf « in  a  proper  gfwwe, 
toe  two  end*  of  which,  after  crossing  at  the  lower  part  of  the  iHieel,  mmr 
be  pulled  by  one  man  «r  more  on  each  aide.  A  pump  of  this  kind,  with 
■evea  inch  bore,  heaves  &  ton  24  feet  high  in  a  nunute,  with  ten  men,  ftre 
only  working  at  a  time  on  each  side. 

Another  improvement  of  the  common  pump  baa  been  made 
by  Mr.  Todd,  of  HulL  Thi»  invention  in  some  particular! 
bears  a  resemblance  to  the  ordinary  one,  but  he  has  con- 
trived to  double  its  powers  by  tiie  fdilowing  means : 
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Hifing  prepired  the  piston-cylinder,  wliich  may  he  12  feet 
Ughy  he  cuts  from  the  bottom  of  it  about  three  feet ;  at 
the  end  of  the  great  cylinder  he  places  an  atmospheric- valve, 
aod  to  the  top  of  the  small  cylinder  a  serving-valve.  In  the 
bottom  of  tke  small  cylinder,  wliich  contams  the  serving- 
Tabe>  is  inserted  an  oblong  elliptical  curved  tube,  of  equal 
caliber  with  the  principal  cylinder,  and  the  other  end  is  a^sdn 
inserted  in  the  top  of  the  ereat  cylinder.  This  tube  is  divided 
ia  Ae  same  manner  as  the  first  cylinder,  with  atmos[dieric 
and  servbg  valves,  exactly  parallel  with  the  valves  of  the 
first  cylinder.  The  pump,  thus  having  double  valves,  pro- 
du(*e8  double  effects,  which  effi^ts  maybe  still  further  increased 
by  extending  the  dimensions. 

The  cylinder  is  screwed  for  service  on  a  male  tube  screw^ 
which  projects  from  the  side  of  a  reservoir  or  water  cistern, 
and  is  worthed  by  hand. 

The  piston-pluneer  is  worked  by  a  toothed  s^^ent- wheel, 
itBuIar  to  the  principle  of  the  <nie  used  m  working  the  chain- 
pomjps  of  ships  belcmging  to  the  royal  navy ;  and  the  wheel 
receifes  its  motion  from  a  hand-winch,  which  is  considerably 
acoderated  by  a  fly-wheel  of  variable  dimenrions,  at  the 
oppooteend. 

This  pump,  in  addition  to  its  increased  powers,  possesses 
another  very  great  and  prominent  advantage.  By  screwing 
to  it  the  long  leather  tube  and  fire-pipe  of  the  common  engine, 
it  is  in  a  few  minutes  converted  into  an  effective  fire-engine. 
Hence,  whoever  possesses  one  may  be  said  to  have  a  con- 
Tfnient  domestic  apparatus  agwist  fire.  Three  men  can 
voik  it,  one  to  turn  the  winch,  another  to  direct  the  fire- 
p^e,  and  a  third  to  supply  the  water. 

4.  The  Forcing-pump  is  represented  in  fig.  225. 

It  nkes  water  throogh  the  hox  H,  not  in  the  same  manner  as  the 
VBciuog  or  lifting  pump  does,  when  the  plunger  or  piston  g  is  lifted  up 
by  tbe  fod  Dd;  Wt  this  plunger  or  fereer  has  no  hole  through  it,  to 
Itttfae wiser  in  the  barrel  BCget  abore  it,  when  it  is  depiened  to  B; 
sad  the  falve  b  (which  roee  by  the  ascent  of  t^e  water  through  the  box  H 
when  the  plunger  g  was  drawn  up)  falls  down  and  stops  the  hole  in  H 
the  momeDt  tlut  the  plunger  is  raised  to  its  greatest  height.  Therefore 
as  the  water  between  the  pluntrer  g  and  the  box  H  can  neither  get 
thnwgh  the  phuwer  upon  its  descent,  nor  back  again  mto  the  lower 
paxt  dP  the  pomp  Le,  but  has  a  free  passage  hj  the  caTitr  around  H  into 
the  pipe  Mfiily  which  onens  into  the  air-ressel  RK  at  P,  the  water  is 
fciSBd  tbeiigh  the  pipe  M  M  by  Uie  descent  of  tihe  plunger,  and  driyen  into 
^  WffHil,  and  m  running  up  through  the  pipe  at  P,  it  opens  the  Talve 
<«  wfaidi  shuts  at  the  moment  the  plunder  begins  to  be  raised,  because  the 
aetioii  of  the  water  against  the  under  side  of  the  valve  then  ceases. 

,Xbe  water  being  thus  forced  into  the  air-ressel  K  K,  by  repeated  strokes 
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ol  Lhf  plunv^r,  ptU  ribovt!  the  lower  end  of  the  pmeOHIt  And.dbeiir 
tK^ie^in^  to  eoiidei^a  tlie  sur  in  the  vessel  K  K.  For  as  the  pipe  G  li  is  kud 
air -tight  ittt(»  I  he  ves!se\  beUw  V\  and  Uie  air  has  no  way  to  get  out  of  the 
res^T  mtt  through  the  m^^iith  of  the  pipe  at  I,  and  cannot  get  out  when  the 
^oiith  I  i;^  covered  tvtth  water,  and  is  more  and  more  condensed  as  the 
water  ttsea  upon  the  pipe,  the  air  then  begins  to  act  forcibly  by  its  Bpriag 
igiujiHi  tlie  sur&ftc  of  Uiie  wo^er  at  U;  and  this  action  drives  the  water  ap 
through  tlje  pipe  I M  U  l^itotn  whence  it  spouts  in  a  jet  S  to  a  great  het(^ 
and  is  supplied  by  fiUem;itt.ly  raising  and  depressing  the  plunger  g^  whidi 
eotistanlty  fofc^  the  watt^r  that  it  raises  tlirough  the  valre  H,  along  the 
pin«  M  M,  into  the  air-ve^iset  K  K. 

The  higher  Ihe  sitrfajce  of  the  water  II  is  raised  in  the  air-Tessel,  the  les 
9tu£e  win  ^m  air  be  condensed  into,  which  before  filled  thait  tessel;  and 
fherefbre  tlie  force  of  its  spring  will  be  so  much  the  btrouger  upon  the 
tiifrTj  n:r:fl  \till  drive  it  with  the  greater  force  through  the  pipe  at  F ;  and  as 
the  spring  of  the  air  continues  whilst  the  plunger /»  is  rising,  ^he  stream  or 
jet  S  will  be  notform  as  iong  as  the  action  of  the  plunger  continues;  and 
when  the  valve  b  opens  to  let  the  water  follow  toe  {hunger  upward,  the 
Valve  a  shuts,  to  hinder  the  water,  which  is  forced  into  the  air-vessel,  firam 
running  back  by  the  pipe  M  M  into  the  barrel  of  the  pump. 
'  If  there  was  no  air-vessel  to  this  engine,  the  pipe  G  HI  would  be  jobed 
to  the  pipe  M  M  N  at  P :  and  then  the  jet  S  would  stop  cvety  time  tke 
plunger  is  raised*  ami  run  only  when  the  plunger  is  depr^sed, 

Mr.  Newsham's  Water-engine,  for  extingukhing  fire,  "{see 
Ffere-engine,)  conmsts  of  two  forcing-pumps,  which  alternately 
drive  water  into  a  close  vessel  of  air;  and  by  forcing  the 
water  into  that  vessel,  the  air  in  it  is  thereby  condensed,  and 
compresses  the  water  so  strongly,  that  it  rushes  out  with 
great  impetuosity  and  force  tdirough  a  pipe  that  comes  do^m 
into  it;  and  makes  a  continued  uniform  stream,  by  the  con- 
densation of  the  air  upon  its  surface  in  the  vessel. 

By  means  of  forcing-pumps j  water  may  be  raised  to  any 
height  above  the  level  of  a  river  or  spring;  and  machines  may 
be  contrived  to  work  these  pumps,  either  by  a  rumiing  stream, 
a  fall  of  water,  by  horses,  or  by  steam. 

The  rod  of  the  bucket  in  a  sucking-pump  is  sometinie» 
tnade  to  work  through  a  collar  of  oiled  leathers  and  brass 
plates,  oonnected  with  the  barrel  of  the  pump  by  screws,  and 
kept  moist  by  water  contained  in  a  vetnel  at  the  top :  it 
prevents  the  water  issuing  from  the  top  of  the  pump,  and 
therefore  by  a  pipe  it  will  raise  to  any  height.  This  is  called . 
in  the  North  a  jackkead. 

5.  The  Lifting^ump  differs  from  the  sucking-pump  doly 
in  the  tfispositioA  of  its  valves,  and  the  form  of  its  piiltoo 
fname.    This  pump  i»  represented  ia  fig.  226. 

A  B  is  a  barrel  Axed  in  a  frame  I K  L  M,  ivhich  is  inuno?a9>le,  wilk 
its  lower  parts  coreinunieeting;  with  the  water*  GEQUO  is  a  frlnie 
with  two  strong  iron  rods,  movable  throogk  '  holes  hi  the  upper  astf 
lower  parts  of  the  pomps  IK  and  LM;  ia  the  bottom  of  this  ikaisf 
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OQH^  k tiid  aft  hitfilid  |»8ton  B  D^  Ivith  its  bucket  and  vi^e  vpoo 
tte  top  at  D.  Upon  the  U^  of  t)i«  bafrel  there  goes  off  a  part  F  R,  eitt^ 
ibted  to  the  barrel,  or  movable  \xy  a  ball  and  socket ;  but  in  either  case 
water  and  air  tight.  In  this  part,  at  C,  is  a  fixed  valve  opening  upwards, 
h  is  evident  tlutt  trhen  the  piston  frame  is  thrust  down  into  the  water,  the 
pifton  D  descends,  and  the  water  below  will  rush  up  through  the  valve  !>) 
aod  get  above  the  piston ;  and  that,  when  the  frame  is  lifted  up,  the  piston 
wiH  iorce  ^e  water  through  the  valve  C  up  into  the  cistern  P,  there  to  run 
off  by  the  spout.  The  piston  of  this  pump  plays  below  the  surface  of  the 
water.  Bfr.  Mattin  has  described  a  merctuial  pump,  which  works  hj 
quicksilver,  invented  by  Mr.  Hoskins,  and  perfected  bj  Mr.  Desaguliers ; 
ad  another  pump  of  we  lifting  sort,  invented  by  Messrs.  Cosset  and  De 
h  Deuille,  and  set  up  in  the  king  of  France's  garden  at  Paris,  the  piston 
of  which  works  without  Mction. — PAI/.  Brit.  vol.  ii.  p.  57,  &c.  ed.  3. 

6.  CieeHdus's  jmmp^  the  firat  of  all  the  kinds^  acts  both  by 
soctioa  and  pulsion. 

Its  structure  and  action  are  as  fbllows:  A  brass  cylinder  A  B  CD,  fi|* 
227,  furnished  with  a  valve  in  L,  is  placed  in  the  water.  In  this  is 
fitted  an  embolus  M  K,  made  of  '^een  wood,  which  will  not  swell  in  the 
water,  and  adjusted  to  the  aperture  of  the  cylinder  vnth  a  covering  of 
leather,  bui  without  any  valve.  In  H  is  fitted  on  another  tube  N  H,  with 
a  valve  that  opens  upwards  in  L 

Now  the  embolusMK  being  raised,  the  water  opens  the  valve  in  L,  and 
rises  mto  the  cavity  of  the  cylinder;. and  when  the  same  embolus  is  acrain 
d€:pres$ed,  the  valve  I  is  opened,  and  the  water  driven  up  through  the 
tubeHN. 

This  it  the  pump  used  among  the  ancients,  and  that  from 
which  both  the  others  are  deduced.  Sir  S.  Morland  has 
endeavoared  to  increase  its  force  by  lessening  the  friction^ 
which  he  has  done  to  good  effect,  msomuch  as  to  make  it 
work  witboat  almost  any  friction  at  all. 

7«  In  1813,  the  Society  for  the  Encouragement  of  Arts 
conferred  a  silver  medal  on  Mr.  Jcim  Stevens,  for  an  im- 

rrement  in  the  constmotion  of  the  forcing-pump,  by  which 
is  enabled,  at  a  comparatively  trifling  expense,  to  ridse 
water  trom  a  wdl  06  feet  belotv  the  surface  of  the  ground. 
The  whole  expense  of  the  pump  and  apparatus  was  25/. 

The  bwer  part  of  the  nump-tree  is  tour  inches  in  the  borw. 
The  lower  part  of  the  fM  which  passes  throngh  the  stuffifig- 
box  is  made  of  brass ;  the  elbow  and  upper  pump-trees  are 
of  a  two>inch  bore^  and. may  be  easily  made  of  any  kind  of 
wood.  It  may  also  be  made  to  act  as  an  engine  to  extin- 
gmsh  fires,  by  llic  addition  ctf  an  mp-tight  vessel  and  pipe  to 
the  upper  part. 

In  the  drawing  is  introduced  k  cap  and  screw,  in  preference 
to  screwing  it  to  the  node  of  the  pump,  as  it  is  btrooger 
atid  more  to  be  depended  upon;  and  when  the  waiter  is  to  be 
ni^ed  a  gveat  height^  a  screw  is  tiso  recommended  to  b^ 

s2 


Digitized 


by  Google 


3GD  THB  OPAaXTIVB  MBOVlNfC 

BEiade  t#  fit  the  node,  that  every  Umig'inaj  be  alwm  mif 
for  fanmediate  use.  The  work  of  this  pump  is  not  liable  to  }it 
itiiured  by  frost ;  and  when  the  well  is  of  considerable  dtfptir 
a  brass  or  metal  barrel  for  the  piston  to  work  in  should  be 
adopted. 

Fig.  228  is  t  section  of  a  well,  iir  wluch  a  tnamp  of  this  kind  is  fo»d^ 
A  A  represents  the  surface  of  the  ground,  ana  B  B  the  brickwork  of  the 
well,  in  which  the  water  stands  at  the  level  C,  and  b,  by  the  pump,  to  be 
raised  to  the  sur£ice  A  A. 

D  is  the  lerer  or  handle  of  the  pump,  whidi  has  the  rode  jointed  to  it; 
and  descending  to  the  piimp ;  the  rod  is  made  of  wood,  in  sereral  lengths, 
which  are  united  by  joints  of  iron,  in  the  manner  shown  at  fig.  299 ;  the 
wooden  rods,  a  a,  being  capped  with  iron  forks  6,  which  include  the  ends  of 
them  and  are  rivetted  ikst;  the  ends  of  the  forks  are  joined  together  to 
connect  the  several  lengths. 

T»  ig  the  working  barrel,  or  chamber,.of  the  pump,  in  which  the  budEet 
works ;  this  part  is  formed  of  a  tree,  bored  through  and  having  a  projecting 
branch  e,  which  is  likewise  bored  oblicpiely  to  the  barrel,  and  forms  the 
forcing  pipe ;  in  the  bottom  of  the  barrel  the  suction-Talve  is  situated,  being 
at  the  top  of  the  suction  part  of  the  pump^  whidi  is  bored  with  a  smaller 
auger  than  the  working  chamber,  wnich  is  also  lined  with  a  brass  tabe^ 
where  the  bucket  works.  The  top  of  the  barrel  is  covered  by  a  metal  lid. 
r,  (see  fies.  230  and  231,)  which  has  a  stuffing-box  in  the  centre  to  receife 
me  metid  cylindrical  part  of  the  pumpHrod  A ;  to  the  lower  extremity  of  thii 
the  bucket  a  '»  fixed.  The  metal  lid  consists  of  a  ring,  which  is  screwed  to 
the  wooden  barrel  by  five  screw-bolts,  passing  through  as  many  ears,  pro 
jcoting  from  the  circumference  of  the  nog;  tlwy  have  eyes  beUiw  to  hook 
upon  pins,  which  are  fixed  in  the  wood^  but  project  sufficiently  for  these 
bolts  to  hold,  and  are  formed  into  screws  above,  so  as  to  bold  the  riof 
firmly  down,  by  means  of  nuts  screwed  upon  them.  The  movable  Kd  of 
the  pump,  which  has  the  stuffing-box^  formed  in  the  centre  of  it,  is  seivived 
to  the  ring  by  five  screws,  and  thMe  can  be  taken  out  to  xenove  theH 
and  draw  np  the  bucket,  when  it  requires  to  be  leathered. 

F  is  the  forcing  pipe,  formed  of  as  many  pieces  of  wooden  pipes  as  tie 
vequired  to  make  up  the  length ;  they  are  united  together  by  makiBg  ikt 
upper-  ends  conical,  to  enter  a  similar  cavity  made  in  the  lower  end  of  the 
MKUpipe ;  the  lowest  piece  fits  upon  the  extremity  of  the  jprqjecUng  braach 
^■ana  a  valve  is  proposed  to  be  put  in  the  pipe  at  this  iomt,  to  prevent  the 
return  of  the  water,  and'  bear  part  of  the  weight  of  the  column  iron  tbe 
lowest  vaWe  at  /,*  theupper  end  of  the  pipe  has  a  spout  t,  at  which  tbe 
water  is  d^Hveredl 

lC»i»  ibsecond  spout,  fixed  inio*  tbe  pipe  lower  tiian  the  forvict ;  it  hsi  a 
screw  by  which  it  can  be  united  to  a  hole,.or  leather  pipe,  to  convey  tbe 
water  to  a  distance,  or  by  means  of  a  jet,  or  branch^pipe,  to  throw  it  is  tbe 
manner -ofa  fire-engine ;  in  this  case  the  upper  spout  {  must  be  stopped  op. 
by  a  screw-plug  or  cap;  and  there  is  a  copper  airwtigfat  veisd  11,  sitoaicd 
a$  the  top  of  the  pipe  F,  tor  equaliat  the  puuative  motio»of  4k  water  •( 
throvm  by  the  pump. 

K  is  a  bracket  fixed  to  the  pipe  F,  and  projecting  over  the  centre  of  tbe 
pun^p,  where  it  has  a  hole  to  receive  the  pump  rod  A,  and  guide  it  steadily 
in  its  motion  up  and  down,  that  it  may  not  wear  the  stuffing|4]ox  away  ee 
onr  side.  As  Me  wooden  tubea  of  wmdi  the  foroing^immp  r  is  LUMipasaf 
may  be  made  from  waste  or  oTOoksd  timber,  it  iMkes  a  great  dmiwmf 


Digitized 


by  Google 


AND  MACHINISlC 

Wtweeo  ihe  low  pnc«  of  tudi,  and  that  of  the  sttaig&t  trees  necesaufy  for 
cnmnoci  pumps.  A  wooden  plug  may  be  chained  to  the  pump,  betwixt 
tbe  spouts  or  Dozles  M  andi,  so  as  be  ready  to  stop  that  which  is  not  wanted 
in  use. 

Mr.  Stephens  is  of  opinion^  that  it  is  better  to  flace  the 
TslTe/ above  the  level  of  the  water  in  the  well. 

8.  Mr.  WHIfaun  Tyror^  of  liverpool,  took  out  a  patent  in 
March^  1819^  for  certain  improvements  in  the  constructbn 
of  pomps,  and  in  the  machinery  for  working  the  same. 

This  iaprorement  consists  in  liaTing  four  brass  chambers,  mailced  P  P  P, 
%.  232,  joined  together  by  means  of  breech-pieces  with  screws,  and 
Midcred  across  the  points ;  Uiese  breedi-pieoes,  marked  Q,  Q,  being  cast 
of  btass,  or  any  other  suitable  metal.  When  these  are  complete,  P  P, 
%.  233,  is  pbced  upon  the  breech-piece  Q  q,  fig.  234,  and  both  of  them  are 
fixed  to  or  imder  a  box  or  frame  suitable  for  the  purpose. 

Ws  Ixnt  or  frame,  fig.  238,  is  furnished  with  eight  brass  grooves, 
OOO,  fitttened  to  the  sides  with  screws ;  and  a  crank,  or  four  cranks  in 
one,  tlwt  is,  one  crank  out  of  eadi  side  of  the  same  piece  of  square  iron  or 
any  other  suitable  metal,  one  up,  one  down,  one  in  front,  and  one  in  back.' 
Tbone  end  of  the  crank,  br  craidLs,  is  fixed  two  tooth  and  pinion  wheels, 
a  safficient  distance  apart  to  allow  two  wheels  of  the  same  diameter  ausd' 
thifknets  to  stand  between  them,  so  that  the  cranks  may  go  round  without 
OMving  the  odier  wheels,  marked  C  and  £.  The  wheels  D  and  F  are 
Bade  foft  on  the  cranks  A,  A,  by  means  of  a  screw  or  pin,  and  the  wheels 
C  Md  £,  being  fixed  dose  together,  slide  to  and  firo  upon  the  square  end 
•f  the  asle  V,  by  means  of  the  auide  or  hiding  geer  V,  whichis  'fixed  in 
a  groove  turned  out  of  the  nave  of  the  ;wbeel  C,  by  means  of  a  dip  and  twa 
soews  whsdi  fosten  it  underneath,  and  rests  in  l!he  notches  fixed  at  the 
other  end  of  the  box  or  fireune,  for  the  end  of  the  guide  or  geer  to  rest. 

Hw  notdics  aie  three  in  number  on  each  side  of  tiie  box  or  fitmie  W. 
Ike  one  fiothcft  from  the  wheel  has  the  guide  V,  drawn  back,  with  die 
nhed  E  vpon  the  small  wheel  F.  By  moving  the  guide  into  the  middle 
notch,  the  wbedsC  and  Bare tept  between  2ie  wheels D  and  F;  and  the 
■mdhncwegt  the  wiwels  guides  the  wheel  C  on  the  large  wheel  D,  so  that 
Ihe  Mirer  is  jnuoh  gieater  when  foraag  or  diawiag  water  fron  a  gitat 

when  tiie  wheels  C  and  £  are  placed  in  the  space  between  the  lower 
wheeb,  the  handle  is  moved  from  the  upper  axle  U,  and  placed  upon  the 
end  of  thft  crank  A  A^  and  the  pump  i>  srorked  widioot  the  assistanoe  of 
the  whcds  as  occanon  may  require.  The  madunery 'is  furnished  with  four 
k^-^bow  rods,  marked  B  B  B,  fbr  the  purpose  of  fixing  to  them  the  spear 
I  or  plmging  rods,  by  means  of  a  joint  and  pin  ai^  bolt,  ^e  key-bow  • 
^fied  square  across  in  the  inside,  so  as  lo  give  the  roller-step  a  foir 


Fig.  235  represents  the  rolling-step,  whidi  is  formed  of  two  pieces  of 
hsasB^the  one  naif  round;  of  a  thickness  according  to  the  strength  or  size  of 
the  inadiineiy  ;  and  the  other  round,  like  a  whed  or  sheave  in  form,  and  of 
the  same  ^dmess  as  the  other  half.  This  round  sheave  or  wheel  is  cut  Indf 
throBgh  tfM  middle  edgeways,  and  the  piece  is  then  cut  off,  and  a  dovetail 
is  oat  down  the  width  in  nroportion  to  the  crank.  The  o^ier  half  is  then 
fitted isiallie  place  from  whence  the  larger  piece  has  been  cut,  and  bodi  of 
ihesi  are  held  together  by  means  of  two  screws;  and  lAie  riieave  or  wheel  is 
Ihm  in  Hwfoni  of  its  appearance  before  it  was  cut.    A  hole  is  now  drOled 
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through  the  centre,  and  it  If  fixed  upon  the  before  mentioped  cxuk.oi 
;crauks.  Y,  in  fig.  236,  represents  the  larger  half  of  this  step;  and  X^fig. 
237»  repEesepts  toe  smaller  half,  with  the  doTe-tailed  ttandinff  upon  it, 
which  fills  up  the  Tacancy  or  room  that  is  made  in  the  large  haGf  for  fixing 
it  UDon  the  crank. 

Ijie  ends  of  each  key-bow  is  set  in  the  groores,  O  O  O,  fig.  ^36,  and  tbeker- 
bow  rods,  B  B  B  B,  work  through  hdes  im  the  bottom  of  die  box,  ibr  wUdi 
purpose  an  iron-plate  or  base  U  formed  with  fi^qr  holes,  SSS,  fig«339, 
and  is  fixed  at  the  bottom  of  the  box  or  frame  with  screws.  The  rods,  by 
being  fitted  into  the  holes  in  this  plate,  keep  the  stroke  of  the  pump  per- 
pendicular, while  the  siep  lollt  backwards  and  forwards  in  the  key-bow^  is 
tkey  are  fbrced  up  and  ifoiiirn  by  the  cr^inks  moviBg  er  HnnHiy  attoiaMily 
■ouod. 

When  this  machineiy  is  a|>pUed  over  a  fbi)ciDg<>pu^py  or  placed  oTer  a 
fire-engine,  it  causes  a  greater  quantity  of  water  to  be  dischaiged  from  tin 
cistern  or  engine,  and  as  it  is  very  powerful,  it  is  highly  gecessaiy  that  h 
should  haye  a  cock  of  a  superior  size,  to  let  more  >¥ater  pa^is  througnjiibfi 
game  time  titan  ordinary ;  for  this  pyipose  Mr.  TyrOi  makes^th^  bstnel, 
.or  that  part  of  the  cock  where  the  kev  or  stcjp  goes  in  on  one  side,  so  thu 
there  is  but  one  stop  to  the  plug  or  key,  the  stop,  resting  in  that  part  thai 
pTerhauffs  the  side,  admits  of  room  for  a  full  sized  water-way  to  be  pom- 
pletely  through  il,~wi|hont  causing  fhi  water  to  have,  .any  mibUe  or  pod 
M  it  passes  through  the  plug. 

Reference  to  the  figures  : 

Fig.  240  represents  aside  view  of  the  cock. 

Fig.  241|  a  top  view  of  the  same. 

Fig.  242,  ^  phij^,  with  the  water-way  ^ut  out. 

Fig.  243  represents  th^  crank,  with  the  tooth  and  pinion  wfaeeliy^and  tin 
roUmg  steps. 

Fig.  244,  the  upper  sude,  with  the  improved  plan  of  the  sliding  geer* 

Fig.  245,  the  spear  box  and  rod  in  the  form  of  the  fitttetiii>g  at  the  top«( 
tlie  key*bow  rod,  when  applied  for  shipping. 

Fig.  246,  a  front  view  of  the  pump  standing  upon  a  ship's  deck. 

9.  Mr.  Richard  Frjmklin  has  been  rewwded  by  the  Sodety 
of  Arts  for  effoietuig  certiin  impiwwmeato  in  the  Uftiog  and 
fiirenig  pump,  Inr  wfaiekwaUr  cna  ba  conveyed  into  a  daton 
at  the  top  of  the  houi^e^  to  simply  ^  the  dressing^rooos^ 
water-closets,  &q. 

A  sectioB  of  thifl  pump  is  given  in  fig.  347-  ^ 

AA  are  two  pistons;  on  U>e  ^pper  &ee  of  each  is  a  double  valve,  «  v«  •! 
the  upper  piston-rod  passes  through  the  stuffing-box  B^and  the  lover 
through  the  stuiQSng^box  C«  S  is  the  suction-^pipe,  and  D  the  diichargiBg* 
pipe. 

Fig.  248  is  an  eotteraiai  iriew  of  the  pump  ;  e  et  the.lever  or  buodlt]  F 
4he  ndcnun,  on  which  the  handle  movea;  G  G  ta  th«  pumpcy Under;  it « 
Ihe  wheels  which  revolve  between  the  standards  4? «  aot,  and  which  condiMl 
the  piston-rods  parallel  to  the  ^lioder ;  eja  the  condfcting-rod,;v«hidi  coi* 
▼ejrs  the  mption  of  the  hanale  to  the  lower  pisUMA}  «  a  the  oondiiotiiyw^ 
which  gives  i^iotion  to  the  i^per  piston.  It  la  evidenly  when  lh»  handle  « 
lever  is  U&edy  that  the  upper  piston  is  pressed  dow%  lad  the  lower  pismii 
at  the  same  time  elevated,  with  its  valves  sluit^  whioli  fereet^  th#- wiMr 
l^^rougb.the  vpper  ]p9tm^  and  the  dischaigiiwpip^  af  tke  iwne  vpefPtMi 
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And  when  tlie  handle  is  pi  3ssed  down,  the  upper  piston  rises  with  it»  Tthres 
^kvMA,  and  the  watfr  in  its  ascension  is  ibroed  llinmgk  tiie  diMfaarging^ 
pipe;  «l  the  same  tine  the  bwer  pidUm  dtsoand0»by  which  aetioii  itamlTea 
are  ooenedy  and  introduces  a  supply  of  water  esmaX  to  the  contents  of  tht 
47liiiaer,  minus  the  capacity  of  Wh  pistons.  The  peculiar  advantages  of 
dm  pump  with  double  pistons  are,  that  with  a  six-ipch  stroke  it  discharges 
a  qnanti^  of  water  equal  to  twelve  inehea  of  the  cylinder :  and  ao,  in  &b 
proportioB*  by  alwagra  doabbag  the  qoantity  of  the  sHoke,  whaterer  it  imp 
be  ;  and  thus  ftinuahing  a  pniduct  iust  equal  to  two  coamon  punjpa  of  tha 
aeme  stroke  and  capacity  of  cylinder,  and  certainly  with  less  than  a  pro- 
portionable friction  and  expense. 

lO.  The  /mo^  that  are  usually  emplo^ybr  orotJiMifiitMes 
h&Te  aaauy  inconvenieacies,  the  pnacipal  of  wUcb  wa  shall 
pfooeed  to  describe* 


19C  An  it  is  necessary  for  Ae  pumps,  whilst  sinking,  to  keep  the  water 
very  low  in  the  joit,  the  engiat  frequently  goci  too  fiurt,  in  consequence  of 
the  {Munp  drawing  np  air,  aad  carries  up  by  tht  vickence  of  the  current 
small  pieces  of  stone,  coal,  or  other  substances,  and  lodges  them  above  the 
bu^et  upon  the  valres,  which  must  considerably  retard  the  working  of  the 
ptmrp,  and  wear  the  leather. 

MIy.  When  the  engine  ta  set  fe  work,  (after  having  been  atoppei  wlkilsC 
upofkiog  upon  mkf  and  coasequemW  a  qMaaU^  of  air  remaining  in  the  aaiiq^ 
bami,  with  the  small  stonea,  &c.  depoaitad  oa  the  valves  of  the  bucket,)  it 
often  happens  that  the  compressure  of  the  air  by  the  descent  of  the  bucket^ 
is  not  sufficient  to  overcome  the  weight  of  the  bucket-valves  bo  loaded  with 
rubbish,  and  the  cohimn  ofvTatcr  in  the  stand«pipes;  the  prnnp  is  thereby 


pBeresited  from  catching  its  water.  The  ufoat  ronady  fcor  thia  is  a>  dmw 
tke  bucket  out  of  the  workii^barr^,  until  a  ^^aatity  of  water  has  escaped 
by  its  sides  to  displace  the  air;  this  evil  often  arises  from  the  unnecessary 
na^itodeofthe  space  between  the  bucket  and  the  clack. 

3dly.  ThepaBipBbeingsotDeiidedinthepitbyoapstaBiope8,fiNrthepur- 
peee  of  readily  lowering  at  the  pit  ia  sunkythe  stretching  of  the  ropes 
(especially  when  sinking  in  soft  strata)  oecasiena  mud»  trouble,  by  sufiertng 
the  pomps  to  rest  on  me  bottom  and  ehoiw;  bat  the  awtt  serious  evil  is, 
&mi  the  miners,  in  ahiftiag  the  pamp  freai  one  place  to  aaotber,  that  they 
naj  dig  in  aO  porta  of  the  pit,  throw  them  very  fv  out  of  the  peipendicuhir, 
thereby  causing  immense  friction  and  weaving  In  all  parts,  besides  andan- 
geni%^  the  whole  apparatus,  by  bieakiugthe  belts  and  rti^  and  straining 
the  joints  of  the  pipes. 

These  iuceoraiieiictes  have  been  obviated  by  Mr.  William 
Bmnton,  of  Butterley  Inm-vrorks,  in  Derbymire,  vrito,  lo 
avoid  the  pump  drawing  air,  bas  introduced  a  side  pipe,  con- 
ncctixig  the  parts  of  tbe  working-barrel  wbicb  are  above  and 
below  tbe  bucket,  which  pipe  bas  a  stop^^ve^  that  the 
nineTS  ean  renfulate  with  uie  greatest  ease,  so  as  to  keep 
die  enffbe  to  &  full  stroke  withont  drawing  ah-,  by  letting 
down  the  water  from  the  upper  part  of  the  barreb  into  the 
tower,  sothat  U  ia  working  again  m  its  own  water.  Instead 
^  Iwvntg  the  ^vhole  wc^t  of  tiie  lower  lift  of  pumps  standi 
}j3g  CO  the  bottom,  it  is  fixed  ht  tbe  pH  by  eross  beams,  and 
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the  miller  has  only  to  lift  and  move  au  additional  pipe  or  wind- 
bore  which  slides  upon  the  lower  end  of  the  pump  like  a 
telescope,  to  lengthen  down,  and  this  additional  wind-bore  is 
besides  crooked,  and  turned  aside  like  a  short  crank,  which, 
by  the  facility  with  which  it  turns  round  in  the  leather  collar 
about  the  pose  of  it,  can  easily  be  removed  into  every  fmh 
hole  which  is  made  in  the  bottom  by  the  miners.  Tlie  pomps 
are  supported  in  the  pit  by  beams  placed  across  at  pro^ 
distances,  so  as  to  suit  the  lengths  of  the  pipes,  or  lengtliBof 
the  pump,  which  are  nine  feet.  Short  pieces  are  laid  across 
these,  with  half-circular  holes  in  them,  which  being  put  roimd 
the  pump,  just  beneath  the  flanebes,  firmly  support  its  weight, 
but  may  quicMy  be  removed,  when  it  is  required  to  lower  the 
pumps  in  the  pit ;  and  as  they  are  not  Isi^eu^  by  any  bolt 
they  do  not  prevent  the  pumps  being  drawn  upwards,  if  it 
becomes  necessary  to  take  out  the  pumps  when  the  pit  is  fuD 
of  water. 

The  pumps  by  thcEe  means  remain  stationary,  and  the 
suction-mpe  lengthens  as  the  pit  is  sunk,  until  it  is  drawn  oat 
to  its  fall  extent  |  the  vdiole  column  is  then  lowered  to  the 
next  stanched,  and  another  pipe  is  added  to  the  top.  The 
pumps  being  tbus  kept  stationary  till  nine  feet  are  sunk,  the 
mpe  at  the  top  will  of  couise  deliver  the  water  at  the  same 
level  at  all  times,  and  instead  of  being  obliged  to  lengthen  the 
column  at  every  yard  sunk.  It  will  only  be  necessary  every 
nine  feet. 

Fig.  ^49  explains  the  constrodion  of  Mr.  BranUm's  pamp,  being  a  mc- 
tion  Uirouffh  the  centrt  of  the  workiii|p-banel  and  suction  piece.  A  is  4ie 
door  whida  unscrews  to  get  at  the  clack  of  the  pump ;  B  is  the  workiag- 
barrel  with  the  backet  D  working  in  it ;  £  is  the  daca,  also  shown  in  figs. 
350  and  251 ;  F  is  the  suction-pipe,  and  66a  movable  lengthening  piect : 
this  slides  over  and  includes  the  other  when  the  pump  is  first  fixed ;  hot  as 
the  pit  is  sunkj  it  slides  down  ovet  tfan  -pipe  F,  to  r«idi  the  bottom.  The 
outside  of  the  inner  pipe  F  is  turned  traly  cylindrical  and  smooth,  and  the 
inside  of  the  outer  pipe  6»  at  the  upper  end  for  about  six  indbes  down,  ii 
made  to  fit  it.  The  junction  is  made  perfect  by  leathers  being  placed  in 
the  bottom  of  the  cup  ««,  which  hoMs  water  and  wet.  clay  over  ibeaii  to 
keep  them  wet  and  pliable,  and  ooise<|uently  air-ti^t  The  lover  «!• 
tremity  of  the  suction-^ipe  6  terminates  in  a  nose  R,  pierced  with  a  namber 
of  small  holes  that  it  may  not  take  up  dirt.  This  nose  is  not  placed  in  t 
line  with  the  pipe,  but  curved  to  one  sme  of  it  like  a  cruik,  so  as  to  deseribi 
a  circle  when  turned  round. 

By  this  means  the  miners,  by  turning  H  round  upon  the  pipe  F,  csa 
alwavs  plaoe  the  nose  R  in  the  deepest  part  of  the  {ut ;  and  when  they  dig 
or  blast  a  deeper  part,  Uicr  turn  the  nose  about  into  it,  the  sliding  tube 
lengthening  down  to  reach  the  bottom  of  the  hole,  as  shown  in  the  figure. 
By  this  means  there  is  never  a  necessity  to  set  a  shot  for  blasting  so  wm 
ike  pump  foot  as  to  put  it  in  any  danger  of  being  ii^red  by  the  expfeaoe* 
as  is  the  case  of  the  common  pump,  in  whidi  this  danger  can  onlybs 
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^voided  by  moving  Um  pump  foot  to  one  side  of  the  pit,  which  necessarily 
dmmi  the  whole  <x>lanin  of  pumps  out  of  the  perpendicular. 

The  cottstmction  of  the  dack  is  eiplained  by  figures  250  and  251,  the 
ibrmer  beinK  a  section,  and  the  latter  apian.  L  L is  a  castp-iron  ring,  fitting 
intoacooicsu  seat  in  the  bottom  of  the  chamber  of  the  pump,  as  shown  in 
fit.  249;  it  has  two  stems,  il,  rising  from  it  to  support  a  second  iron  ring 
MM;  just  beneath  this  a  bar  «  ext^ds  across  firom  one  stem  to  another, 
sod  has  two  screws  tapped  through  it ;  these  press  down  a  second  cross 
bar  n,  whidi  holds  the  leather  of  &  ralves  down  upon  the  cross  bar  of  the 
ling  Ly  and  this  makes  it  &st,  forming  the  hinge  on  which  the  double  valves 

r  I,  without  the  necessity  of  making  any  holes  through,  as  is  common :  but 
chief  advantage  is,  that  by  this  means  the  dack  can  be  repaired,  and  a 
sew  leather  put  in,  with  frir  less  loss  of  time  than  at  present,  an  object  of  the 
greitest  importance ;  for  in  many  situations  the  irater  ^thers  so  fiist  in  the 
pit,  that  tf  the  dack  fiiils,  and  -cannot  be  quickly  repaued,  the  water  rises 
above  the  dack  door,  so  as  to  prevent  any  access  to  it,  and  there  is  no 
medy  in  the  common  pump  out  drawing  up  the  vrhole  pile  of  pumps, 
which  is  a  most  tedious  and  expensive  operation. 

In  Mr.  Brantoo's  pump,  the  dack  can  at  any  time  be  drawn  out  of  it,  by 
fint  drawing  out  the  oucket,  and  letting  down  an  iron  prong  Z,  which  has 
hooks  on  the  outside  of  its  two  points ;  this,  when  dropped  down,  will  fiill 
into  the  lingM,  smd  its  prongs,  springing  out,  will  catdi  the  under  side,  and 
hold  it  €ttt  enott^  to  draw  it  up.  Anouer  part  of  Bir.  Brunton's  improve- 
ment  consists  in  the  addition  ot  a  pipe  H,  (fig.  349,)  which  is  cast  at  the 
sane  time  with  the  barrd,  and  communicates  with  it  at  top  and  bottom, 
just  above  the  dkck ;  at  the  upper  end  the  pipe  is  covered  li^  a  flat  sliding 
plate,  which  can  be  moved  by  a  small  rod  6,  passing  throu^  a  collar  of 
leather;  the  rod  has  a  communication  by  a  lever,  so  tbat  the  valve  can  be 
opened  or  shut  by  the  men  in  the  bottom  of  the  pit. 

The  <4>ject  of  this  side  pipe  is  to  let  down  such  a  propor* 
tioD  of  the  water  .which  the  pump  draws^  as  will  prevent  it 
drawing  air;  though^  of  ooorse,  the  motion  of  the  engine  will 
be  io  adiqited  as  not  to  require  a  great  proportion  of  the 
water  to  be  thus  returned  through  the  side  nipe ;  yet  it  will 
not  be  possible  to  work  the  engine  so  correctly  as  not  to  draw 
some  without  this  contrivance ;  and  if  it  doesj  it  drawp  up 
inuc^  dirt  and  pieces  of  stone  into  the  pump,  besides  causing 
the  en^ne  to  work  very  irregularly,  io  consequence  of  partially 
kwng  its  load  every  time  the  air  enters  the  pump.  Another 
service  of  the  side  pipe  is,  to  let  water  down  mto  the  chamber 
of  the  clad^  to  fill  it,  when  the  engine  is  first  set  to  work,  after 
the  pumps  have  been  standing  stifi,  and  the  lower  part  ^f  the^ 
bwnd  and  chamber  are  empty. 

II.  Figures  252  and  253  are  a  section  and  elevation  of 
a  three-barrel  force-pump,  of  a  very  good  construction,  which 
was  used  by  Mr.  Smeaton  in  the  numerous  water-engines 
wUdi  he  erected  at  London-bridge,  Stratford,  and  other 
places,  for  the  supply  of  towns  with  water.  It  has  the  ad- 
vantage (rf  the  valves  being  very  accessible,  and  the  water-way 
nmybt  k^  to  the  full  siae  c{  the  barrd  without  contractions, 
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whidi^  ai  they  occamon  great  resistance  to  die  motion  of  thi 
water,  are  a  waste  of  power.  It  acts  on  the  same  princi^ 
as  the  ordmary  forcing-pump,  only  that  three  barrels  arc  con- 
nected together  for  the  advantage  of  raising  a  constant  stream 
of  water, 

A  A  are  the  barrels,  which  are  boxed  out  truly  cylinddcal.  If  the  pump 
is  smally  the  barrels  are  usually  made  of  brass ;  but  for  larger  woiIl,  cast-inm 
is  used.  From  one  side,  near  the  bottom  of  each,  proceeds  a  curved  pipe  B, 
turning  up,  and  ending  with  aflaunch,  toscrew  to  the  under  side  of  the  fbrcm^r 
chamber  L.  There  is  also,  near  the  bottom  at  the  opposite  side  of  the  band, 
a  prcjectittg  neck  or  short  pipe  D»  covered  at  the  end  by  a  door  screwed  on, 
that  it  may  be  removed  to  give  access  to  the  valvo  fa,  in  the  bottom  of 
the  barrel.  The  barrels  have  projecting  rings  or  {launches,  by  which  they 
are  screwed  down  upon  the  suction-^^amber  H,  which  is  common  to  m 
three  barrels ;  it  has  a  pipe  from  each  of  its  rods  terminating  in  a,  flaunch  A, 
to  screw  on  the  pipes  which  bring  the  watei  to  the  pump.  The  upper 
flaunch,  or  top  ot  the  suction-chamber  H,  has  three  holes  in  it,  one  under 
each  barrel,  and  each  is  covered  by  a  valve  shuttinff  downwards,  as  b  shovs 
in  the  section,  fig.  252.  These  valves  are  made  of  iron,  to  shut  down  upon 
hinges  like  a  door,  and  are  covered  with  leather  at  the  lower  side. 

Mr.  Smeaton  made  his  valres  with  the  centre-pin  of  the 
hluge  removed  backwards  from  the  hole  which  the  valve 
covers,  and  it  is  also  raised  above  the  surface  of  the  under  side 
of  the  valve,  by  which  means  the  Talve  opens  in  some  degree 
on  that  side  where  the  hinge  is,  as  well  as  on  the  other,  and 
any  obstruction  getting  into  the  valve  will  be  less  llahle 
to  be  detained,  and  will  not  have  such  a  great  leverage  to 
break  the  hinge  of  the  valve  when  the  force  of  the  Water  shuts 
it  down,  as  it  would  if  the  hinge  was  on  a  level,  and  dose  to 
the  edge  of  the  hole,  because  the  obstade  will  not  be  so  nenr 
the  centre. 

The  hinge  is  fastened  to  the  pump  by  the  screw  ur,  passing  through  th$ 
metal,  and  screwing  into  the  hinge ;  this  being  withdrawn,  and  the  door  D 
opened,  the  valve  is  quite  loo^e,  and  may  be  taken  out  to  renew  the  leather. 
To  give  fhcility  to  tlus,  the  doors  D  are  made  oval,  as  shown  in  fig.  293. 
Another  similar  valve  n  is  fitted  at  the  top  of  each  of  the  pipes  B,  to  cover 
their  apertures ;  they  are  all  covered  by  a  common  forcing-chamber  I^ 
which  is  exactly  similar  to  the  suction-chamber,  except  that  it  has  nozlss  R, 
in  the  top  over  each  ^alve,  and  covered  with  doors  to  give  access  to  them. 
Hie  condnctlng'-pipes  are  earned  away  from  either  end  of  die  fotdisf' 
chamber,  flaunches  oeing  provided  to  unite  them.  Bach  biarfel  is  fitted  M 
a  piston  or  forcer  M,  whioh  consists  of  three  metallic  plates,  secuied  to  the 
rod :  the  middle  plate  is  turned  true,  and  fitted  as  accurately  as  possible  to 
^e  barrel ;  the  upoer  and  tower  plates  are  somewhat  smaller.  Tiio  vmd 
{lieQts  of  leatlMr,  krgtrllutt  the  baml,  ait  phuMd  abovs  anA  bdowths 
miidlt  pteM^  btiw  held  fa94  between  it  and  the  upper  and  lower  plal» 
When  forced  into  ue  barrels,  these  leathers  turn  up  and  down  round  thi 
upper  and  lower  ^ates,  forming  two  cups  of  leather,  which  accurately  fit 
the  barrel,  and  vriu  not  permit  any  fluid  to  pass  by  them. 

TliepamdrthrpinDpiMteteasd  togMlMr  by  somr»u4Mti^«^*^ 
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lie  vidtntood  hj  iotgetiiQa  of  the  fignrek  The  whole  pump  is-sufipocted 
OQ  two  ground-sillsy  and  by  means  qf  two  iron  brandies  of  the  suction- 
duunber  H^  the  whole  pump  is  bolted  down  upon  the  ground-sills. 

The  action  of  this  pump  is  simply  this :  when  the  piston  or 
forcer  of  one  barrel  is  raised,  it  causes  a  vacuum  in  it,  aud 
the  pressure  of  the  atmosphere  forces  the  water  up  the  suction- 
pipe  H>  (if  not  more  than  SO  or  33  feet,)  opens  the  valve  tn, 
m  the  bottom  of  the  barrel,  and  fills  it  with  water ;  on  the 
descent  of  the  forcer,,  the  lower  valve  shuts^  and  the  forcii^ 
vahre  n  opens,  by  the  water  the  banel  contained  being  driven 
Arotti^  It  into  the  fercing-cluHnber  L,  and  thence  to  any 
place  whither  the  fordng-pipe  is  carried.  On  the  reascent 
of  the  forcer,  the  lower  valve  m  opens,  and  the  shutting  of 
the  forcing-valve  n  prevents  the  water  returning  into  the 
baneL  l^e  three  forcers  work  up  and  down  alternately,  so 
that  while  one  barrel  is  sending  water  up  the  force-pipe,  the 
others  are  lifting  it  up  the  suction-pipe,  and  the  third  con- 
tinues the  action  in  the  interval,  when  tJie  change  of  motion 
takes  place  between  the  two.  '  In  this  manner  the  pump  will 
raise  a  very  constant  stream  of  water,  if  the  forcers  are 
woiked  in  a  proper  manner;  which  is  best  done  by  means  of 
cranks,  placed  at  such  an  angle  to  each  other,  upon  the  same 
axis,  that  they  will  act  in  due  succession. 

12.  Englidi  ships  of  war  carry  four  chain-^pumps  and  three 
hand-pumpsy  all  bemg  fixed  in  the  saoie  well,  which  alao 
includes  the  roaipmasU 

Tbe  diain-pump  (fig.  254)  is  no  otbtt  than  a  long  chain  A^  with  a  suffi- 
cient nombtr  of  pistons,  a,  called  bucketa  or  saucers*  fixed  upon  it  at  proper 
distances;  it  passes  downwards  through  a  wooden  tube  B^  and  returtig 
upwards  in  the  same  manner,  on  the  other  side  D,  the  ends  bang  united 
togethtr.  The  diain  is  extended  over  two  wheels,  E  and  F,  caJIcd  sprocket- 
wiittU;  one  is  ptooed  over  the  tubes  B  and  D  of  the  pump,  and  the  oiber 
H  the  boOom  in  the  space  between  the  two  tubes  dirough  whioh  the  chaia 
ascends  and  descends.  Bv  turning  the  upper  wheel  £,  the  chain  of  buckets 
is  put  in  motion,  and  the  lower  pait  of  the  wooden  tube,  in  which  the  chain 
^seeads,  is  lined  with  a  brass  barrel,  in  which  the  sancers  are  fitted.  As 
ihej  are  ccmtimiaUy  ascending  in  Ihis  tube,  thejr  ndse  a  constant  stream  of 
valer^  which  nxa$  off  irom  the  lop  of  tbo  avciiiding  Inrnk,  and  is  carried  b^ 
a  trunk  thioagh  the  ship's  side  into  the  sea.  The  pump  is  worked  by  a 
Clank  or  windi  G,  fixed  on  the  vub  of  the  upper  wheel,  whereon  several  men 
lutj  be  empfoyed  at  once ;  and  thus  it  discharges  in  a  limited  thne  a  much 
gieater  {{nnitity  of  water  than  the  common  pump,  and  thai  with  less  iaco»; 
NBiiaeetothe  hibonreii* 

1ft.  The  dndni-piimp'iiaw  hi  nse  In  tb#  nany  is  of  a  very 
impecnnBd  constnioCion,  compared  with  orlgiHal  ehnn-p«fnps* 
H  was  inttt>d(iced  by  Mr.  Cok,  under  the  direction  of  Capt* 
Bentinck.  The  obam  of  this  machine  is  shnpie,  and  not 
pBKb  evpoMil  to  dttmage.    It  is  eicactly  simikr  to  that  •!  the 
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fire-engine,  and  appears  to  have  been  first  applied  to  the 
pump  by  Mr.  Mylne,  to  exhaust  the  water  firom  the  caissons 
at  B&ck6iars-bndge.  It  has  thence  been  transferred  to  the 
marine  by  Capt.  Bentinck,  after  having  received  some  material 
additions  to  answer  that  service. 

Tlie  links  of  the  chain  (fig.  955)  are  each  fomied  of  two  long  plates  of 
iroo,  e  e.  with  a  hole  at  each  end,  and  fixed  together  by  two  bolts,  senring 
as  pins  w  the  jcHnts.  The  backets  or  saucers  feced  upon  it  are  two  circular 
plates  of  brass,  g^  with  a  piece  of  leather  between  them.  The  sprocket- 
wheels  ibr  the  duiin  are  formed  in  the  same  manner  as  the  trundles  used  in 
n^y  \jy  two  iron  wheeb  fixed  at  eight  inches  distance  upon  the  axles,  and 
united  by  several  round  iron  bolts,  forming  a  rest  for  toe  chain ;  and  its 
links  have  hooks>  h,  which  are  taken  by  these  bolts,  and  thus  the  chain  is 
secured  upon  the  wheel;  to  prevent  it  from  jerking  t»ck  when  charged  with 
a  column  of  water. 

This  pump  was  a  great  improvement  upon  the  old  chain- 
pumps  used  in  ships  before,  in  which  the  chain  was  of  too 
complicated  a  febric,  and  the  sprocket-wheels  used  to  work 
it  were  deficient,  in  wanting  some  contrivance  to  prevent  the 
chain  firom.  sliding  or  jerking  back  upon  the  sui&ce  of  the 
wheel,  which  frequently  happened  when  the  buckets  were 
charged  with  a  considerable  wei^t  of  water,  or  when  the 
pumps  were  violently  worked.  The  links  were  too  short,  and 
the  awkward  manner  in  which  they  were  connected,  exposed 
them  to  a  great  fiiction  in  passing  round  the  wheeb :  hence 
they  were  sometimes  apt  to  breidc  or  burst  asunder  in  yeiy 
dai^^rous  situations,  when  it  was  extremely  difficult  or  im- 
practiotble  to  repair  the  diain. 

Mr.  Cole's  pump  is  so  constructed,  that  the  chain  may 
be  easilv  taken  up  and  repaired^  when  broken  or  choaked 
with  baUast ;  and  it  discharges  a  much  greater  quantity  of 
water  with  an  inferior  number  of  men,  as  appears  from  a  trial 
of  this  machine  with  the  old  chain^pump,  aboard  the  Seaford 
frigate,  where  it  was  found  that  its  effects,  when  compared 
with  the  latter,  were  as  follows :.— The  new  pump  with  four 
men  rdsed  one  ton  of  water  in  43^  seconds,  while  the  old 
pump  required  seven  men  to  raise  the  same  quantity  of  water 
m  76  seconds.  v 

In  this  experiment  the  chain  of  tjhe  new  pump  was  pur- 
posely broken,  and  dropped  into  the  well,  and  afterwards 
taken  up  and  repaired,  ana  set  to  work  agun  in  two  minutes 
and  a  half ;  then  the  lower  wheel  of  the  pump  was  tak)&n  ont^ 
to  show  how  readily  it  might  be  cleared  and  refitted  for 
iMTtion,  after  being  dioaked  with  sand  or  gravel,  which  could 
be  jperformed  in  four  or  five  minutes.  Inese  ait  advantages 
wbif^b^  with  a  seaman^  have  a  superior  constderalion  to  tSst 
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of  bcreasing  the  qiiantky  of  water  which  tte  machine  will 
raise,  unless  it  was  in  a  considerable  degree ;  and  indeed  the 
Tery  best  pumps  will  not  raise  a  mucn  greater  proportion 
with  the  same  power. 

The  only  alteration  which  has  been  made  on  Mr.  Cole's 
pump,  since  its  first  introduction,  near  thirty  years  ago,  is, 
that  they  now  omit  the  lower  sprocket-wheel  altogether,  the 
ascending  and  descending  pipes  being  so  united  by  a  curved 
metal  tobe,  that  the  cham  passes  better  than  if  a  wheel  was 
used.  The  cranks  are  made  to  take  off,  and  apply,  when 
wanted,  that  they  may  not  be  in  the  way;  they  are  long 
enough  for  thirty  men  to  work  at  once  ;  of  late  it  has  been 
inoposed  to  add  fly-wheels  to  them.  This  would  be  attended 
with  but  slight  adyantage,  and  seyeral  inconyeniencea  from 
occupying  that  room  where  the  men  should  stand  to  work,  it 
being  an  object  to  employ  as  many  as  possible ;  but  if  they 
are  crowded^  they  only  incommode  each  other  instead  of 
assisting. 

14.  The  following  simple  and  ingenious  ndethod  of  working 
adiip's  pump,  when  the  crew  are  either  too  few  in  number, 
or  too  much  exhausted  to  attend  to  that  duty  when  the  per- 
formance in  most  necessary,  luunely,  in  a  heayy  gale,  was 
pat  in  practice  with  great  success  by  Capt.  Leslie^  of  the 
ship  George  and  Susan^  on  a  late  yoyage  nom  Stockholm  to 
North  America.  He  fixed  a  spar  aloft,  one  end  of  which 
was  ten  or  twelve  feet  above  the  top  of  his  pumps,  and  the 
other  projected  over  the  stem ;  to  each  end  he  affixed  a  block 
or  pulley.  He  then  fastened  a  rope  to  the  spears  of  the 
pump,  and  after  passing  it  through  both  pullies  along  the 
spar,  dropped  it  into  the  sea  astern.  To  the  rope  he  fiEistened 
a  cask  of  1 10  gallons  measurement,  and  containing  60  or  70 
galkms  of  water.  This  cask  answered  as  a  balaroe-weight, 
and  every  motion  of  the  ship  from  the  roll  of  the  sea  n^e 
the  nuu:hiuery  work.  When  the  stern  descended,  or  when 
a  sea  or  any  agitation  of  water  raised  the  cask,  tlie  pump- 

rirs  descended ;  and  the  contrary  motion  of  the  ship  raised 
spears,  when  the  water  flowed  out.  The  ship  was  cleared 
out  m  four  hours,  and  the  crew  were  of  course  greatly 
relieved. 

15.  Hand-fumps  have  been  constructed  in  great  varietv 
for  the  use  of  ships ;  and  as  they  are  of  great  utiHty,  we  shaU 
describe  two  or  three  of  the  best. 

The  ingenious  Benjanoiu  Martin  invented  a  ship's  pump 
wid)  two  barrels  drawing  from  one  suction-pump,  so  as  to 
ruse  a  constant  stream. 
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This  pudip  km  so  mueb  merit,  thct  w«  hart  given  a  MCtion  of  k,  %.  tStf. 
Here  A  is  the  suction-pipe,  couductiog  the  water  from  the  ship's  bold  up 
to  the  pump^  where  it  is  enlarged  to  communicate  with  both  barrels  D  D, 
throuffn  ^e  valves  C  C,  in  the  bottom;  £  £  are  the  pistons  of  the  barrels, 
with  aouble  valves  in  them ;  they  are  not,  like  other  pistons,  fitted  to  slide 
in  the  banvU,  but  art  simplt  brass  rings,  in  which  the  valv«s  are  fitted,  and 
being  smaller  than  the  bairas,  have  large  circtilar  pieces  of  leather  fixed  on 
them,  the  outside  edges  of  which  are  attached  to  the  insides  of  the  pump- 
barrels  ;  hence,  when  the  pistons  are  moved  up  and  down,  the  leather  folds 
sufficiently  to  admit  the  motion,  as  is  shown  in  the  figure ;  but  being  dose 
all  round,  these  pistons  can  have  no  leakage  or  friction,  and  only  a  sjiall 
resistance  ftom  the  stiffness  of  the  lealher. 

To  fasten  the  edges  of  the  leather  piston  to  the  barrels,  they  are  made  m 
two  lengths,  an  upper  and  a  lower,  and  the  leather  is  introduced  ia  the 
joint  between  them,  being  half  fast,  and  the  pump  kept  together  by  bars  11, 
fixed  over  the  barrels,  and  bolts  to  press  the  upper  lenm  of  ue  barrds 
d^wn  upon  the  lower.  BoA  the  baivsls  are  indudod  within  a  box  or  ois* 
tern  B  B,  fiaed  upon  the  ship's  dack^  with  trmks  L  L^  wfaidh  cany  ofi*  ths 
water  as  it  runs  over  the  tops  of  the  barrels  into  the  cistern.  The  pump  is 
worked  bv  piston-rods  U  H,  being  united  by  chains  to  a  wheel  K,  the  axle 
of  which  IS  supported  by  standards  from  the  sides  of  the  cistern  B  6,  and 
is  put  in  motion  by  the  double  lever  M,  at  the  end  of  which  cross  handles 
ate  fisBsd  for  seveml  men  to  vroxk  at  onoe.  Mr.  Martin's  pomp  acts  ex- 
tremely well;  the  constant  stream  raised  by  the  alternate  action  of  two 
barrds  upon  one  pipe,  produces  an  advantag^e  that  was  shown  by  experi- 
ment, for  the  water  not  only  rises  while  the  piston  rises,  but  continues  to 
do  so  even  af^r  the  piston  begins  to  descend;  and  tlierefore  the  pump  was 
fbuad  to  deliver  more  wafter  Uian  was  expected  from  the  calcdlation  of  the 
contents  of  the  bairel^  and  the  mun^r  of  strokes  made. 

To  aceoant  Ibr  tbiB>  it  must  be  considered,  thM;  as  thb 
pump  has  both  its  large  pistons  working  (alternately  ascending 
and  descending)  at  the  same  time,  there  must  beproduced  s 
Constant  rising  column  of  x^ter  in  the  pipe,  whose  Telocity 
through  a  bore  of  five  inches,  to  supply  the  barrels  of  twehre 
inches  diameter  each,  must  be  so  great,  tliat  it  cannot  be 
checked  or  stepped  at  once,  or  upon  the  first  descent  of  the 
piston  ;  and  U^refore  a  surplus  c^  water  is  produced.  Not* 
withstanding  these  adtrantages  of  Mr.  Martin's  pump,  it  has 
objections,  which  are  serious  obstacles  to  its  use  on  board 
ships,  though  in  other  situations  it  is  a  good  machine  :  these 
are,  the  shottness  of  its  stroke,  whitA  renders  it  very  fittigoisf 
for  men  to  work  Ibr  a  long  thne ;  but  another  more  seriooi 
objection  is,  that  the  lea^r  would,  in  general,  nemain  dry, 
and  thus  become  liable  to  harden  and  ffrow  stiff,  so  as  to 
break  into  holes  when  died  at  fint,  hebae  t£ey  beoooie  soaked, 
and  to  fill  the  cistern  irst  with  water  would  be  very  tioubi^ 
some. 

16.  The  latest  improvements  in  hand-pumps  are  by  Capt 
Jekyl,  R.  N.  This  gentleman  has  invented  an  addition  to  the 
pump  of  an  aur-ressel^  and  stuffing-box  for  the  rod  to  pass 
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ikrmigby  by  which  it  will  nuse  the  water  to  a  greater  heigM; 
than  the  head  of  the  pump ;  and  a  hose  being  attached  io  the 
pump-spout^  by  very  simple  meanss,  the  water  is  conveyed  to 
any  part  of  the  ship,  aad  thrown  in  a  jet  through  a  hose-pipe 
imh  great  force,  to  extinguish  fire^  If  sueb  a  cahtmity  should 
befidl  a  sinp ;  and  tbxxB  me  pump  is  rendered  of  twofold  ser- 
vice. The  idea  of  converting  the  pump  to  a  fire-engine  is  ndt 
new,  having  been  attested  ia  many  dioereat  ways  by  forciug- 
pomps ;  but  these  bavnig  p^>eB  proceeding  from  the  lower 
parts  of  the  barrels  and  valves,  wfaidi  are  not  very  accessible, 
are  always  liable  to  choke  up  by  obstructions,  and  have  not 
succeeded  in  general  use.  The  air-vessel  has  always  been  in 
the  way,  if  made  of  a  sufficient  size  to  answer  the  purpose  of 
equalizing  the  stream.  Capt.  Jekyl  has  obvialed  these  objec- 
tions, and  without  altering  the  material  parts  of  the  hand- 
pomp,  haii  rendered  it  as  comfdete  a  fire-engine  as  can  be 
wished. 

This  is  explained  by  figure  S57,  which  is  a  section  of  the  pump  throagh 
its  whole  iength.  A  B  C  is  the  iron  brake  or  lever  to  work  it ;  it  in  branched 
to  the  extreme  end^  and  has  a  wooden  pole  C^  fixed  in  it,  for  several  men 
to  hold  at  ODce ;  D  is  the  iron  stanchion  or  fulcrum  of  the  brake ;  it  is  fixed 
to  the  pomp-bead  by  means  of  strong  iron  hoops  at  EE  and  F  F,  \rluch  at 
the  same  time  strengthen  the  work  of  the  pump.  The  centre-pin  is  to  be 
at  the  height  of  two  feet  six  inches  above  the  ship*9  deck.  II  are  the  slings 
of  the  pump,  united  by  a  forelock  or  pin  to  the  end  of  the  brake,  and  ^us- 
ptndii^  the  pamp-«pear  I,  by  means  of  the  joint-piece  ^.   I  R  is  the  pump- 

rit,  roade  of  copper  in  the  upper  part  I,  and  the  lower  length  K  ot  iron ; 
latter  has  the  bucket  M  attacned  to  it.  The  valve  of  the  bucket  is  made 
in  a  very  simple  and  effective  manner,  the  valve  beinz  merely  a  round  plate 
of  btas,  with  a  hole  thiough  the  centre,  to  receive  the  rod  upon  which  k 
lisii  and  fidls^  and  coven  the  aperture  in  -the  bucket.  The  bucket  is  a  rii^ 
of  bcass,  with  a  cross  bar  to  fix  the  rod  in ;  it  is  made  in  two  thicknesses, 
one  above  the  other,  and  a  cup  of  leather  is  held  in  between  them,  projecting 
aH  KKmd  the  upper  part  of  the  bucket,  and  turning  up,  to  make  a  tight 
fitting  in  the  barrel.  The  two  rings  of  the  bucket  are  held  together  bv  the 
pMum  rod  passing  through  boCh^  and  a  cxoas  wedge  beneath.  L  is  the  brass 
ehamjber  in  whidk  the  bucket  works ;  it  is  well  fitted  into  the  wood  of  the 
|[UDip.tree,  so  that  the  water  cannot  leak  by  it,  and  is  bored  smooth  within- 
side. 

N  is  the  lower  box,  fitted  into  the  lower  part  of  the  pump-tree,  beneath 
thechai^Mr;  it  has  a  groove  round  it,  into  which  oabui  is  placed,  and 
wbsQ  it  is  pnl  down,  makes  a  tight  joint ;  its  valve  Is  of  the  same  constnic- 
lioo  as  that  of  the  bucket,  with  the  addition  of  a  ring  or  eye  on  the  top  of 
the  pin,  on  which  the  valve  rises  and  falls.  By  this  eye  th4  box  can  be 
dttwn  ttp  wAita  H  ne«ds  repair,  ^  im  ditwing  up  tht  bucket  of  the  ponif^, 
ad  put&Bg  an  iron  down  mto  tlus  eye.  O  O  P  is  the  air-vessel ;  this  is  a 
C|liiider  of  sheet-copper,  soldered  to  a  cover  of  brass;  within  the  centre  of 
h  Is  a  mbe  likewise  soldered  to  the  cover,  through  which  the  copper  pump- 
>petr  passes,  and  is  fitted  round  at  top  vrith  a  collar  of  leather  and  stuffing, 
to  prevent  Ae  escape  of  the  water,  ft  is  packed  with  hemp,  and  two  rings 
of  leather.    R  shows  the  place  of  two  iron  bars,  fitted  through  the  bead  ei 
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Che  pump^  aod  confim&g  the  cover  O  O,  of  the  air-vessel ;  thcv  are  fiNtCDfld 
by  the  wedges  d;  it  is  by  these  only  that  the  air-vessel  is  held  down;  aciide 
of  leather  is  first  put  round  the  air-vessel,  just  beneath  its  lid,  and  tlus  being 
pressed  upon  the  recess  in  the  wood,  makes  the  joint  tight.  T  is  the  puiD[K 
node,  which  delivers  the  water.  When  it  is  aaed  as  a  &re^ngine,  a  bote 
is  fixed  on  by  its  link-joints,  and  keys  or  wed^;  the  noile  is  fixed  to  tbe 
pump  by  four  screw-bolts  going  through  the  thickness  of  the  pump,  and  it 
is  fixed  in  such  a  direction  as  will  most  conveniently  lead  to  a  recelTer, 
fig.  258,  which  imites  the  hose  ih>m  all  three  of  the  ship's  pomps. 

Fig.  259  is  the  link-joint  of  the  hoSe,  T  representing  tne  pump-spoot, 
made  of  cast-iron,  and  screwed  to  the  pump-tree ;  ee  is  the  c^dar  or  sodut, 
made  of  brass,  with  the  hose  X  bouna  upon  it ;  this  has  two  trunnions,  on 
which  a  link /is  fitted,  one  on  each  side  ;•  these  links  pass  through  grooves 
in  the  cast-iron  piece  T,  and  a  key  g,  put  down  through  the  link  behind  h, 
draws  the  joint  tight,  without  any  screwing  or  further  trouble.  The  socket 
tf  e  is  fitted  into  the  nozle,  and  has  a  leather  ring  to  make  it  tigfaL  The 
outside  of  the  pump  is  to  be  hooped  at  every  three  feet,  to  prevent  it  fiom 
bursting  by  the  pressure  of  the  water.  The  disposition  -of  the  three  hand- 
pumps  in  a  ship\  well,  renders  their  connection  with  ta  common  receiver 
very  convenient  to  bring  all  the  vmterinto  one  stream,  which  will  then  be 
very  powerful,  and  more  capaUe  of  extinguishing  a  fire  than  any  movable 
ennne. 

Two  hand-pumps  are  aliravs  placed  on  the  starboard  side  of  the  main- 
mast, in  the  well ;  and  one  of  tnem  being  the  cistern-pump  used  for  wa^inf^ 
decks,  its  fi>ot  stands  in  a  small  cistern  &ed  upon  the  step  of  the  mainmast,  ^ 
and  supplied  with  irater  by  a  pipe  through  the  ship's  side,  with  a  cock  to 
admit  it  at  pleasure ;  there  is  one  pump  on  the  laxi)oard  side  of  the  mast. 
Three  separate  hoses  being  united  vrith  each  of  the  pumps  by  a  link-joint^ 
like  fig.  259,  at  one  end,  and  vrith' three  i^ecks  A  ib  ^  of  a  receiver,  ^,  258, 
by  sumlar  joints  at  the  other,  brings  aH  the  water  into  one,  and  a  hose  bang 
joined  by  a  link-joint,  ^  to  the  opposite  end  of  die  receiver,  conveys  the  wholi 
water  to  an^  part  of  the  ship.  The  receiver  has  three  nodes,  kkky  at  one 
end,  made  m  a  divergent  direction,  agreeable  to  the  direction  in  which  the 
hoses  come  firom  the  three  different  {kimps,  and  a  valve  is  placed  inside, 
before  each  hose,  to  open  inwards,  in  order  that  die  receiver  may  be  used 
for  one  or  two  pumps,  whilst  the  others  are  repairing  or  getting  ready,  or 
that  if  any  of  the  hoses  burst,  the  water  may  not  escape  from  the  receiver  at 
the  node.  There  are  two  handles  fixed  to  the  receiver,  to  lift  and  cany  it, 
as  it  is  to  be  movaUe ;  and  when  in  use,  is  proposed  to  be  laid  upon  the 
grating  of  the  main  hatchiray,  as  the  most  centnd  situation,  from  wfaenoe 
die  hcie  may  be  carried  in  any  direction.  Z  is  a  branch-pipe  or  jet,  screwed 
at  the  end  of  the  great  hose  X ;  and  it  also  unscrews  at  the  extreme  end,  to 
fit  on  jets  of  different  bores,  in  the  same  manner  as  all  other  fire^eogioes. 
In  working,  the  pressure  of  the  irater  condenses  the  air  contained  wtthia 
the  receiver,  OOP,  into  a  small  space,  and  its  reaction  to  resome  its 
former  bulk  equalises  the  efflux  of  the  vrater  from  the  noale  of  the  pomp* 

In  some  experiments  which  we  have  witnessed  upon  this 
pump,  it  performed  as  well  as  could  be  desired,  a  single  pomp 
forming  a  very  efifective  engine ;  but  when  the  three  w&k 
combined,  it  was  superior  in  force  to  any  we  have  ever  seen, 
and  would  throw  a  stream  of  an  inch  m  diameter  over  the 
maintopmast-head  of  a  74-gun  ship. 

Besides  the  length  of  the  handle  C  admitting  several  men  to  woik  at 
once,  an  accession  of  force  is  gained  by  a  rope  a,  made  fast  to  the  brake  A  B, 
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tod  conducted  through  a  single  block  hooked  to  the  deck  at  m,  and  thence 
iIoDg  the  ship's  dedi;  at  this  any  number  of  men  may  be  employed 
Teiy  advantageously  to  produce  the  stroke^  leaving  those  at  the  handle  only 
to  return  it  by  lifting  the  handle.  If  the  ship  proves  leaky,  and  the  stuffing- 
box  is  thought  to  be  an  obstruction  to  the  working  of  the  pump,  the  air« 
vessel  may  be  taken  out  by  dravnng  the  wedge  d,  and  taking  out  the  bars  R, 
which  coi^ne  it ;  then  after  taking  out  the  key  which  connects  the  joini- 


pieoe  g  with  the  copper  rod,  also  removing  the  brake«  lift  out  the  air-vessel 
oy  the  two  screws  of  the  stuffing-box,  and  fix  on  the  joint-piece  again,  but 
fix  the  guide-eye  H  in  the  lowest  pair  of  holes,  so  that  it  will  receive  the  top 


of  the  copper  rod,  and  prevent  the  pump-spear  from  having  any  play  in  the 
lUngs.  * 

In  this  state  it  acts  as  a  common  hand-pump  j  but  the  air- 
Tessel  can  be  restored  to  its  place,  and  be  ready  for  work,  in 
two  minutes. 

To  prevent  any  of  the  work  from  being  neglected  from 
carelessness,  the  mventor  proposes  that  one  of  the  pumps^ 
shall  be  always  used  to  wash  the  ship  by  the  hose  and  jeC 
every  morning,  which  it  would  do  much  more  effiectually  than 
by  the  present  mode  of  raising  the  water  into  buckets ;  and 
the  force  with  which  the  jet  of  water  is  thrown  would  very 
completely  wash  into  every  recess  of  the  gun-carriages^  and 
other  places  where  a  brush  cannot  reach ;  while  by  Uiis  con- 
stant exercise  the  pumps  would  be  always  ready^  at  a  mo- 
ment's notice^  upon  an  alarm  of  fire. 

17.  Mr.  Robert  Clarke,  of  Simderland,  has  proposed  a  great 
improvement  in  the  mode  of  applying  men's  force  to  pump- 
ing, which  is  worthy  the  consideration  of  seamen.  It  is  to 
diuige  the  posture  of  standing  to  sitting,  and  making  the 
action  the  same  as  that  of  rowing,  whidi,  besides  that  it  is 
bv  pbiloeoi^rs  considered  as  the  most  efficacious  a{q>lication 
of  a  man's  fiwce^  it  is  to  seamen  most  particularly  so  from 
their  habitual  practice  of  it.  He  objects  to  the  ordinary 
action  of  pumping  with  a  brake,  as  the  posture  is  weak,  and 
requires  much  force  to  preserve  it.  It  oppresses  the  man  by 
oyerstretching  bis  loins  on  one  side,  and  mcommodes  respira- 
tion by  the  flextnre  of  the  body  on  tjie  other  side.  Too  much 
motion  of  the  shoulder-joint  is  required,  as  the  muscles  which 
act  on  the  arm-bone  at  this  joint  are  disproportionate  to  the 
effort  they  must  mAke  when  tiie  arm  vibrates  on  the  shoulder- 
JQBit  as  a  centre,  for  the  tone  to  be  commnnioated  by  the 
band.  Besides  this,  the  arms  themselves  are  at  one  instant 
entiled,  by  bemg  ^rown  over  the  head,  and  requiring  a 
poll,  and  the  next  instant  reqmre  a  nusbing  effort,  which 
changes  of  direction  in  the  exertion  and  reatnuning  force  are 
too  continual  and  rapid  for  long  continuance ;  in  standmg 
the  body  is  a  continued  dead  weight  upon  the  legs. 
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The  action  of  rowing  is  powerful  to  a  surprising  diegree^ 
and  so  well  adapted  to  a  man's  ease,  that  he  cau  oontiaue  it 
a  greater  length  of  time  without  fetigue  than  any  other  mode 
of  exertion ;  for  though  the  motion  is  large,  it  is  made  op  of 
easy  motions  in  several  joints,  the  velocity  and  resistance 
ot  which  suit  the  muscles  employed.  Very  little  sustaining 
force  is  required,  for  the  body  is  simported,  and  returai 
unloaded  to  its  charge:  the  br»ithing  is  free.  The  manner 
of  carrying  this  into  effect  is  very  simple,  the  lever  or  brake 
being  bent  at  right  angles  at  a  certain  pin,  so  that  it  hum 
straight  down  when  It  is  at  rest,  instead  of  being  horizontu ; 
then  to  the  lower  extremity  a  rod  is  jointed,  which  is  carried 
ratJier  in  an  inclined  direction  upwards  to  the  seaman,  who  is 
seated  before  the  pump  with  a  rest  for  iiis  feet.  The  rod  has 
a  cross  handle,  to  hold  by  both  hands,  and  in  some  cases  it 
may  be  made  long  enough  for  two  men  to  sit  side  by  side  on 
the  same  seat;  and  by  drawing  and  pushing  it  in  the  same 
manner  as  rowing,  the  perpendicular  lever  is  caused  to  vibrate, 
and  the  horizontal  arm  or  bei^ded  part,  which  suspends  the 
pump-spear,  partakes  of  the  motion  sufficiently  for  pumping. 

18.  M.  de  Bonnard,  speaking  of  the  pistons  of  pumpsy  in 
lAie  Journal  des  Mines,  states,  that  the  leathers  with  which  the 
external  circumference  of  the  pistons  of  pumps  are  covered^ 
are  quickly  worn  out  by  the  continual  friction  which  they 
undergo^  and^  the  renewing  of  them  is  au  object  of  considerable 
expense  in  lai^  mining  undertakings. 

They  have  ^refore  used  in  Saxony,  for  some  years  past, 
pistons  without  these  external  leathers  in  sucking-pumps, 
and  to  render  the  upjper  part  of  the  piston  elastic,  by  com- 
posing it  of  pieces  ot  wood,  which  expand  or  open  when  the 
piston  rises,  and  dose  when  it  descendsr 

To  obtain  this  effect,  the  part  of  the  piston  which  fonns  a  budEef,  if 
composed  of  a  systenr  of  small  movable  pieces  of  wood  a^o,  figures^iCO 
and  ^61>  cot  obliquely,  and  disposed  so  as  it  eo?er  each  other  nearij  hab' 
their  breadth ;  a  leather  which  corers  the  upper  surfiMe  of  each  of  tk^t 
pieces,  serves  to  sustain  them,  and  yet  allow  them  su£Bcient  play.  To  tht 
under  part  of  the  same,  pieces  of  leather  are  attached,  which  afford  tbea  iM 
the  elaiticity  that  is  necessary.  These  leathers  are  received  into  slits  that 
are  eut  round  the-pkooa,  and  ^irected-^MI^aely  to  its  edges ;  diey  are  iscd 
tothe  ineces  of  wood  hf  nails,  the  extremities  of  whid^  eorrmoftd  with  ike 
nocehea  cee,  and  to  the  edges  of  the  solid  part  of  the  piston  by  the  screvi 
ddd.  By  this  disposition  each  piece  of  wood  is  movable  upon  a  son  of 
horizontal  hioge,  and  when  the  piston  is  raised,  the  weight  of  the  water  with 
which  it  is  chai'ged,  by  opening-  all  these  pieces,  causes  them  to  press  om 
stgainst  the  other,  and  against  the  sides  r  r  of  the  barrel  of  the  pump,  fo  is 
not  t(»  let  any  of  the  water  escape,  and  to  produce  completely  the  efled  of 
a  piston  furnished  with  leather.    The  interior  edges  of  each  of  the  joiuts  of 
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tke  movable  pieces  are  covered  two  bjr  two  with  leather,  as  at  #  «  e,  fig.  261 , 
upon  which  the  weight  of  the  water  acts  as  upon  the  pieces  themselves. 

All  these  leathers  last  a  very  long  tiine^  as  well  as  those  of 
the  sudcers,  because  they  are  not  exposed  to  any  friction^ 
wfaidi  only  acts  upon  the  movable  pieces  of  wood.  When 
the  piston  descends,  the  water  that  raises  the  suckers  finds 
an  easy  passage,  without  Utering  between  the  piston  and  the 
interior  of  the  barrel  of  the  pump ;  an  effect  which  has  this 
additional  convenience,  that  no  dirt  can  be  introduced  into 
the  knnts,  which  might  afterwards  prevent  the  perfect  contact 
of  the  ££krent  pieces. 

In  1808,  these  pistons  were  tried  in  several  mines  in  Saxony, 
and  were  foond  very  satisfectory.  It  was  only  observed  that 
there  was  some  inconvenience  attending  the  use  of  them  where 
the  wdls  were  much  inclined ;  as  the  pressure  of  the  water 
shove  not  bring  equal  upon  all  the  movable  pieces  of  the 
piston,  those  that  were  least  pressed  upon  let  some  of  the 
water  pass  between  them,  lliese  inconveniences  however 
exist  ouly  in  the' ordinary  pistons. 

In  some  departments  pistons  with  springs  are  sometimes 
used,  which  are  composed  of  movable  rubbing-pieces,  that 
are  substituted  for  the  leathers  that  are  ordinarily  employed. 
We  know  that  these  pistons  are  used  with  advantage  in  the 
cylinders  of  some  blowing-engines ;  but  in  these  pistons  the 
rubbii^-pieces  are  constantly  forced  agidnst  the  interior  sur- 
face of  the  cylinder  by  the  springs 

In  the  piston  with  the  flexible  crown  of  wood,  which 
M.  Bonnara  has  described,  the  movable  pieces  of  wood  that 
compose  it  do  not  rub  against  the  interior  sur&ce  of  tlie 
barrel  of  the  pump,  except  when  llie  piston  ascends,  being 
then  pushed  by  the  weight  of  the  column  <X  water  that  is 
nuseo,  and  they  scarcely  rub  at  all  against  the  surface  \dien 
the  pUton  descends.  This  peculiar  effect  assimilates  this 
piston  with  tliose  that  have  a  flexible  crown  of  leather,  or 
a  backet,  and  gives  it  a  decided  advantage  over  pbtons  with 
springs  and  cushions.  In  other  departments  pistons  with 
qifingB  are  sometimes  used,  which  move  in  cylinders  of 
east»ifon. 

Itoe  piitoni  are  oompoted  of  ibor  pieces  of  brsst^  aas «,  figms  943 
nd  S03,  wbjch  aie  each  about  three  centimetres  in  hcifi^t  and  thickness, 
»d  aie  poshed  horizontally  by  two  springs,  bhhb.  Those  pieces,  which 
we  shall  call  quadrants,  in  order  that  none  of  the  atr  may  escape  when  thev 
pby  nndr  the  in^ufclities  of  the  cylinder  in  wbiqt^they  rise  and  descend. 
He  eich  of  thesi  joms^iiBg  longer  than  a  qosrtsr  of  the  cireunierenct  of 
the  cylinder,  sod  towaxdi  lbs  eitremitiet  they  srs  reduced  to  half  the 
Aieksfss. 

By  thb  meanr^  tbcst  qii«draats  art  ptrfecdy  eorered  at  the  oitremitiiP, 
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and  preTent  the  passage  of  the  air  in  a  horizontal  direction,  ivlule  the  spiiags 
6b  bb  prevent  its  passage  vertiealiy. 

In  conclusion  we  shall  observe,  that  these  pistons,  perfectly 
joined,  have  been  proved  to  be  proper  for  driving  air  with 
great  force.  We  snail  likewise  observe,  that  the  quadrants 
aaaa  being  made  of  brass,  and  rubbing  i^ainst  cast-iron, 
ought  to  )ast  a  very  long  time  ;  consequeitUy,  the  blowing 
here  mentioned  have  the  aidvantage  of  not  requiring  frtqueot 
repairs. 

19.  The  following  piston,  describe^  and  reconunended  by 
Belidor^  seems  as  penect  as  the  nature  of  things  wiU  allow. 
We  shidl  therefore  describe  it  in  the  author's  own  words,  as 
a  model  which  may  be  adopted  with  confidence  in  thegres^test 
works. 

**  The  body  of  the  pislcn  is  a  truncated  metal  cone,  (fig,  264,)  haviai 
a  small  fillet  at  the  greater  end.  Fig.  265  shows  the  profile,  and  fig.  266 
the  plan  of  its  upper  base,  where  ap{>ears  a  cross-bar  D  D,  pierced  with  ad 
oblong  mortise  £  for  receiving  the  tail  of  the  ]^iston-rod.  A  band  of  thick 
and  uniform  leather  A  A  (figs.  265  and  267)  w  put  round  this- cone,  sod 
secured  by  a  brass  hoop  B  B,  firmly  driv«a  on  its  smaller  eiid,  where  it  is 
previously  roftde  thinner  to  gttc  room  for  the  hoop. 

*'  This  piston  is  covered  ^ith  a  feather  valve,  fortified  with  metal  plates  GG 
(fig.  268.)  These  plates  are  wider  than  the  hole  of  tlie  piston,  so  as  to  rest 
on  its  rim.  There  are  similar  plates  below  the  leathers,  of  a  smaller  siie,  that 
^ey  may  go  into  the  hollow  of  the  piston;  and  the  leather  is  finnlyhekl 
between  the  metal  plittes  by  screws  H  H,  which  go  through  all.  This  is 
represented  by  the  dotted  circle  J  K.  Thus  the  preaiure  of  the  incumbent 
oolumn  of  water  is  supported  by  the  plates  G  O,  whose  circular  edges  rest 
on  the  brim  of  the  water-wa^  and  thus  straight  edges  rest  on  the  cross-hsr 
0  D  of  figs.  265  and  266.  This  valve  is  laid  on  the  top  of  the  conical  bos 
in  such  a  manner  that  its  middle  F  P  rests  on-  the  tst>6s-bar.  To  bind  all 
together,  the  end  of  the  piston-rod  is  formed  like  a  cross,  and  the  arms  M  N 
(fig.  269)  are  made  to  rest  on  the  diameter  F  F  of  the  valve,  the  tail  £  F 
going  through  the  hole  £  in  the  middle  of  the  leather,  and  through  the 
mortise  £  of  the  eross-bar  of  the  box,  as  well  as  through  another  bar,  QRr 
(figs.  267  and  268,)  which  is  notched  into  the  lower  brim  of  the  box..  A  key 
V  is  then  driven  into  the  hole  I,  in  the  piston-rod ;  and  this wodges  aD  &st 
The  bar  Q  R  is  mftde  strong ;  and  its  extremities  project  a  little,  so  as  to 
support  the  brass  hoop  B  B,  which  binds  the  leather  band  to  the  pitton-box.** 

-  This  piston  has  every  advantage  of  stDength,  tightness,  and 
large  water-way.  The  form  of  the  valve  (which  has  given  it 
the  name  of  tne  butterfly-valve)  is  extremely  favourable  to 
the  passage  of  the  water ;  and  as  it  has  but  half  the  mdlit^ 
of  a  complete  circular  valve^  less  water  goes  back  while  it  is 
•hutting* 
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FIRE-BNGINBS. 

Whkn  fire  breaks  out  in  a  crowded  neighbourhood,  it  car- 
nes  with  it  such  devastating  effecti$,  that  any  individual  who 
baa  seriously  tamed  his  attention  to  the  constructing  of  an 
engine  that  is  in  the  least  calculated  to  check  its  progress, 
must  ever  be  considered  as  deseryiog  of  our  praise.  Those 
who  have  most  benefidallv  directed  meir  attention  this  way 
are  Messrs.  Newsham  ana  Rowntree,  whose  engines  we  shall 
now  pxx)ceed  to  describe. 

1.  A  perspective  view  of  Mr.  Newsham's  fire-engine,  ready 
for  woriung,  is  represented  in  fig.  270. 

It  ooiisisU  of  a  cbtero  A  B,  al>out  three  times  as  long  as  it  is  broad, 
made  of  thick  oaken  planks,  ^  joints  of  which  are  lined  with  sheet  copper, 
and  easily  mombleby  nieans  of  a  pole  and  cioes^bai*  C  M,  the  fore  ptut  of 
Hie  engine,  whidi  is  so  contrivea  as  to  slip  back  under  the  cotct  of  the 
detera  and  on  fonr  solid  wheels, 'two  of  which  are  seen  at  D  and  £.  The 
hind  axle-tree,  to  which  the  wheel  £  and  its  opposite  are  fixed,  is  fastened 
■erose  imder  die  bottom  of  the  cistern;  bat  the  fore  axle-tree,  bearing  the 
wbeel  D,  flee,  is  pnt  on  a  strong  pin  or  bolt,  strongly  fastened  iu  a  borf- 
xootal  situation  in  the  middle  of  tne  front  of  the  bottom  of  the  cistern,  by 
wlu^  eontrivance  the  two  fore^wheels  and  the  axle>4ree  have  a  circular 
motion  voond  the  bolt,  so  that  the  engiae  may  stand  as  firm  on  rough  or 
sloping  ground  as  if  it  were  level. 

Upon  the  ground  next  to  the  hind  part  of  the  engine  may  be  seen  a 
leather  pipe  F,  one  end  of  which  may  be  screwed  on  and  off  upon  occa- 
noo  to  a  brass  coek  at  the  lower  end  of  the  ctstem ;  the  other  end  is 
nnmersed  in  water,  supplied  by  a  nond,  fire-plug,  &c.  and  the  pipe 
beGones  a  socking-pipe  for  famishing  the  pump  of  the  engine  br  its  won- 
tng,  wittKNit  pouring  water  into  the  cistern.  To  the  hind  part  of  the  dstem 
is  fiimidied  a  wood^  trou|^  G,  with  a  copper  grate  for  keeping  out 
stones,  sand,  and  dirt,  through  whidi  the  cistern  is  supplied  with  water 
what  the  SQcknsg-pipe  cannot'  be  used.  The  fore  part  of  the  cistern  is 
also  seporalcd  from  we  rest  of  Hs  x»vity  by  another  copper  grate,  through 
which  water  may  be  poured  into  the  cistern.  Those  that  work  tht  piimps 
ef  thia  engine  mow  the  handles,  visible  at  the  bog  sides,  up  and  down,  and 
ftve  assisted  by  others  who  stand  on  two  susnended  treadles,  throwing  their 
weight  allemately  upon  each  ^  them,  and  keeping  themselves  steady,  by 
takiag  bold  of  two  round  honsontid  rails  H  I,  firuned  into  four  vertical 
stands  which  reach  the  bottom  of  the  cistern,  and  are  well  secured  to  its  sides. 

Orer  the  land  trouoh  tiiere  is  an  iron  handle  or  key  K,  serving  to  open 
«r  afaot  a  ooek  placed  under  it  oh  the  bottom  of  the  cistern,  the  use  of 
wbadi  we  dall  explain  in  the  sequel  of  this  article;  L  is  an  inverted 
pjnuBidal  case  whidi '  preserves  tiie  pumps  and  aiNvessels  from  damage, 
aad  also  supports  a  wooden  frame  M,  on  <which  stands  a  man,  who,  by 
niaing  or  depressing,  and  turning  about  the  spout  N,  directs  the  stream  of 
water  as  occasion  requires.  This  spout  is  maae  of  two  pieces  of  brass  pipe, 
cadi  of  whtdx  has  an  elbow ;  the  lower  to  screwed  over  the  upper  end  F, 
(ig.  971,)  of  the  pipe  that  goes  through  ^e  air-vessel,  and  the  upper  part 
acrewB  on  to  the  lower  by  a  screw  of  several  threads,  so  truly  turned  as  to 
be  vraiev-tight  in  every  direction.  The  conic  form  of  the  spouting  pipe 
serves  fiir  vriredravring  the  water  m  its  passage  through  it,  which  occasions 
a  friction  that  produces  such  a  vekx^ity  of  the  jet  as  to  render  it  capable  of 
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breaking  windows.  Ice.  whilst  the  valves  and  lesUher  pipes  of  the  <  ^ 
have  sufficient  water-way  to  supply  the  jet  in  its  greatest  velocity.  Lnte 
'  pipes  of  considerable  length  may  be  screwed  at  one  end  of  the  nolle  «f 
the ,  engine,  and  furnished  at  one  end  with  a  wooden  or  bnm  pipe  fcr 
guiding  the  water  into  the  inner  parts  of  houses. 

Between  the  pyramid-box  L,  and  the  fore  end  of  the  engine,  that  is  a 
strong  iron  bar  O,  lying  in  a  horizontal  position  over  the  middle  of  the 
cistern,  and  playing  in  brasses  supported  by  two  wooden  stands ;  one  of 
which,  P,  is  placed  between  the  two  fore  stands  of  the  upper  raUs,  and  the 
other  is  hid  m  the  endoiore  over  the  hind  parC  Upon  proper  squarai  of 
this  bar  are  fitted,  one  near  eadiend,  two  strong  brass  bars,  wiiich  take  hold 
of  the  long  wooden  crlindrical  handles,  by  means  of  which  the  engine  is 
worked ;  and  the  treadles  bv  which  they  are  assisted  are  suspended  at  each 
end  by  diains  in  the  form  of  a  watch-chain,  and  receive  their  motion  joialiy 
with  the  handles,  that  are  on  the  same  side,  by  means  of  two  dioUtr 
sectors  of  iron  (sistened  together,  and  fixed  upon  proper  squares  of  the 
middle  horizontal  bar ;  thetwo  fore  ones  may  be  seen  at  Q ;  the  two  hind 
ones,  represented  upon  a  large  scale  in  fiff.  3f  2,  differ  from  the  former  oily 
in  thickness,  for  the  fore  sectors  are  made  to  carry  only  one  chain  each, 
fostened  by  one  end  to  their  apper  part,  and  by  the  lower  end  to  ikt 
treadles ;  whereas  the  sole  of  the  two  bind  sectors  is  wide  enough  to  etny 
two  diains  each ;  one  set  fastened  like  those  of  the  fore  ones  for  the  aoCioD 
of  the  treadles ;  and  the  other  two  diains  are  fosteoed  by  their  lower  ends 
to  the  lovrer  part  of  these  sectors,  and  by  their  upper  ends  to  the  top«f 
the  piston-bars,  in  order  to  give  Uiem  motion.  See  fig.  371,  in  which  the 
hind  sectors  and  their  apparatus  are  represented  as  diey  would  appear  to  a 
person  standing  between  the  two  fore  wheels,  and  loolong  at  the  hind  pvt 
of  the  engine. 

The  square  over  the  letter  A  b  the  section  of  the  middle  bar,  on  which, 
right  over  the  two  barrels,  are  placed  the  two  sectors  BC  A  and  DBA, 
forged  together.  F G H K  and  fghh  wn  the  two  piston-rods ;  and  the 
openings  between  the  letters  OH  and  ^ A,  are  the  spaces  through  wbeh 
the  hind  parts  of  the  tviro  treadles  pass.  L  and  M  represent  two  stnng 
studs,  rivetted  on  the  other  side  of  the  bars  on  which  they  are  placed;  aid 
to  each  of  these  is  fostened  a  chain  like  a  vratdwdiain,  and  fixed  by  their 
upper  ends  to  the  upper  extremities  D  and  B  of  the  iron  sectors,  by  which 
ihey  are  drawn-upand  down  alternately.  These  sectors  give  also  an  aitcnaie 
motion  up  and  down  to  the  piston-rods,  by  means  of  two  other  dmins  \m 
white  in  the  figure,  in  order  to  distinguish  them  from  the  others;  these  aic 
^tened  b^  their  lower  ends  to  the  lower  extremities  of  the  sectors  £  rnd 
.€,  and  their  upper  ends,  terminating  in  a  male  screw,  are  made  tig^t  to  the 
|>iston-rods  atFand/,-by  4wo  nuts. 

The  shape  of  the  piston-rods,  and  the  siie  and  situation  of  the  dbatoi 
4hat  give  them  motion,  are  so  contrived,  that  the  vertical  axis  of  the  pistsai 
is  exactly  in  the  middle  of  the  breadth  of  the  perpendicuhu' part  of  the 
chains,  and  the  upper  part  of  the  piston-rod  taken  together.  P  Q  re«e- 
sents  one  of  the  two  cross-bars  through  the  ends  of  whidi  past  the  luiadkc 
4o  which  the  men  apphr  their  hands  when  they  work  the  engine ;  tkew 
cross-bars  are  fitted  on  the  middle  bar  at  some  distance  ficom  the  i 


The  other  parts  of  this  usefiil  engine  may  be  tmderstood  by  the  hdpof 
^f.  271,  which  represents  a  vertical  section  takm  throned  the  middle  iM 
of  the  hind  part  of^  the  eninne,  as  also  the  section  of  the  air-tessel,  and  thai 
of  one  of  tne  barrels,  and  likewise  the  profiles  of  the  hind  tecton,  sad 
several  other  parts.  A  B  is  the  section  of  the  bottom  of  the  dsten,  sad 
C  thai  of  the  hindmost  axle-tree.     D£  is  the  vertical  teotioa  of  a  stroof 
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piece  of  cast  brass  or  hard  metal,  so  worked  as  to  have  a  liollo^v  in  it, 
lepifKDted  by  the  white  part,  and  fixed  to  the  bottom  of  the  cistern;  this 
reaches  ftoin  the  opening  D,  throngh  the  cock  W,  and  aAerwards  divides 
iteelf  into  two  bianches,  so  as  to  open  under  the  two  barrels ;  one  of  these 
branches  is  exhibited  in  the  figure,  and  the  other  is  exactly  "behind  this. 
Through  this  channel,  whidi  may  be  called  the  sucking-piece,  water  is  con- 
▼lyed  to  the  piumps  by  the  pressure  of  the  atmosphere,  either  from  the 
cistero  itsd^  or  from  any  place  at  a  distance,  by  means  of  the  leather  pipe 
F,  fig.  273,  whiieh  screws  on  to  the  sncking-piece  at  D,  fig.  27i,  tinder  the 
kind  tiOQgh  Z,  the  grate  of  which  is  represented  by  the  horizontal  strokes. 
FG  represents  the  vertical  section  of  another  piece  of  cast  brass  or  hard 
metal,  UAt  maj  be  called  the  communication-piece,  having  two  hollows  for 
conveying  the  water  from  under  the  pistons  to  the  two  openings  of  the 
iandi  of  the  air-vessel ;  one  of  these  hoUows  appears  in  Ae  figure ;  the  other 
hes  exactly  behind  this,  though  not  in  a  parallel  direction.  Between  the 
lection  of  the  sncking-piece  D  £,  and  that  of  the  communication-piece  F  G, 
aiy  be  observed  the  section  of  one  of  the  plates  of  leather,  which  makes 
ill  tigirt,  and  forms  one  of  the  two  sucking-valves,  ofi  which  there  is  another 
joit  behind  this,  under  the  other  barrel.  JtST  is  thesection  of  the  copper 
air-veatel,  and  T  V  that  of  the  copdyitrpipe ;  t}iis  vessel  is  screwed  on  to 
the  hind  part  of  the  communication-piece,  and  at  top  is  listened  by  a  collar 
of  tno  to  a  croos  piece  of  timber. 

Between  the  fiandi  of  the  air-vessel  and  the  ccmimunieation-piece,  may 
be  observed  the  section  of  one  of  the  plates  of  leather,  making  all  ti|;h^ 
aadseiewiog  ooe  of  the  two  forcing  valves,  of  which  there  is  another  just 
bchiad  this,  exactly  oyer  die  other  opening  of  the  communication  from  the 
nr-mtds  These  Talves  are  load<*d  with  a  lump  of  castriron  or  lead,  having 
a tafi  orteat  let  thiongfa  the  flap  of  the  vaWe, and  cross  pinioned  under  it: 
»d  it  is  to  be  dbacrved,  that  tnoaigh  both  the  valves  are  represented  ope« 
in  th^  ignic,  they  are  never  both  cif>en  at  4he  saipe  time ;  for  when;the 
tagiw  is  not  at  woik,  they  are.closed  down  by  the  weights  on  their  upper 
ivfiices;  and  when  the  engine  works,  two  are  shut,  and  the  other  two  are 
ahemat^  opened  by  the  motion  of  the  pistons  and  the  action  of  the  atmo> 
sphere,  tog^er^wHli- the  reaction  of  the  air  contained  in  the  air-vesBel. 

H I  is&itction  e£one  of  the  bairels  of  the  t«ro  pumps,.which  are  both 
•nekiog  and  fordn^,;  as  is  evident  from  the  position  of  the  valves  and  the 
ttroeture  of  the  pistons,  each  of  which  is  composed  of  two  iron  plates,  of 
two  wooden  trenchers,  and  of  two  flat  pieces  of  leather  tumiiig  one  up  and 
the  other  down.  L/K  represents  one  of  the  piston-rods  edgewise,  behind 
vhid)  is  one  of  the  ohams,  thetop  screw ot  which,  K,  can  only  be  seen. 
M  is  the  end  of  the  middle  bar,  and  N  a  section  of  the  hindmost  of  the  two 
middle  «»mm^'  which  support  the. middle  bar.  O  represents  the  end  of  the 
profile  of  ooe  of  the  treadles,  passing  throuah  the  rectangular  holes  of  the 
pmcon-rods,  as  in  fig.  272.  The  wei At  on  these  treadles  brings  them  and 
the  pinoo-ioda  down  alternately,  and  th.ey  are  raised  np  again  by  the  help 
of  the  other  set  of  ebains,  one  of  which  may  be  seen  edgewise  in  this  figure, 
pbesd  00  Ae  sole  <rfonc  ef  the  sectors.  Ice.  see^fig.  272. 

PQ  is  pert  of  the  crosa-bers  which  carry  the  handles,  seen  edgewise, 
«iIT  ffcnrwiti  an  icon  handle,  hy  the  helpof  which  the  codL  W  may  be 
flMod  m  urn  sefeial  situations  requisite  for  the  use  of  the  engine.  The 
^>>^inn  may  be  understood  by  figs.  275,  276«  and  277,  which  represent 
fltt  w*'Ttiffi«>l  sectkm  of  it,  in  three  £fierent  situations.  H  has  three  holes, 
whiehtte  left  white  in  these  figures.  In  fig.  275,  the  position  of  the  cock 
■  tcpraenled  wh«n  the  handles  X  Y  or  K  are  in  a  direcuon  parallel  to  D  E, 
or  tothe  middle  bar,  as  in  figs.  270  and  271.  In  this  position  the  water 
emptied  hy  the  sucking-piece  enters  at  D,  and  proceeds  directly  through 
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Uie  cock  W  to  the  -^alve  under  the  two  pistons ;  and  there  is  now  no  oooh 
munication  from  the  barrel  with  the  cavity  of  the  cistern. 

In  fig.  276,  we  have  the  position  of  a  cock  when  the  handle  X  Y  is  tarned 
one  quarter  of  a  revolution  towards  the  eye  from  the  last-mentioned  situa- 
tion^ in  which  case  there  is  no  commumcation  from  the  barrels  with  the 
outer  extremity  pf  the  sucking-piece,  but  ibe  water  poured  into  the  fore  and 
hind  trough,  and  passing  from  thence  into  the  cavity  of  the  dstem,  enters 
the  cock  sideways  at  W,  and  turning  at  right  angles  through  the  co^ 
towards  E.  procefnls  to  the  barrels  of  the  pumps.  Fig.  277*  represents  the 
cock  W  when  the  handle  is  placed  diametrically  opposite  to  its  last  situa- 
tion, in  which  case  there  is  no  communication  from  the  under  side  of  the 
barrels  with  the  cavity^  of  the  cistern  or  the  outward  end  of  the  sucking-j^iece ; 
but  this  situation  affords  a  communication  from  the  cavity  of  the  cistern 
with  the  outside  of  the  engine,  and  the  water  left  in  the  cavity  of  the 
cistern  may  by  this  means  be  employed  when  the  engine  has  done  working. 
These  engines  are  made  of  fiv^  or  six  different  sizes. 

The  principles  on  which  this  engine  actSj  so  as  to  produce 
a  continued  stream,  are  obvious :  the  tniter  being  driFen  into 
the  air-vessel,  as  in  the  operation  of  common  suddng  nd 
forcing  pumps,  will  compress  the  air  contained  in  it,  and 
proportionably  increase  its  spring,  since  the  force  of  the 
air's  q)ring  will  be  always  invef^y  as  the  space  whid)  it 
jpossesses;  therefore  when  the  air-vessel  is  half  filled  with 
water,  the  spring  of  the  included  mr,  which  in  its  origbd 
state  coimterbalanced  the  pressure  of  the  atmosphere,  being 
mw  compressed  into  JvaUt  the  spacet  ^^  be  equal  to  twice 
the  pressure  of  the  atmosphere;  aiid  by  its  action  on  the 
subjacent  water  wilji  cause  it  to  rise  through  the  o^nduit- 
^ipe,  and  play  a  jet  of  32  or  33  feet  high,  abating  the  eflect 
pf  friction.  When  the  air-vessel  is  two-tbirds  fijl  of  water, 
the  space  which  tiie  air  occiqiiea  is  only  one-third  of  its  first 
space ;  therefore  its  sprinff  being  three  times  as  great  as  Aat 
of  the  common  air^  will  project  the  water  wkh  twice  the 
force  of  the  atmosphere,  or  to  the  height  of  64  or  66  feet 
In  the  same  manner  when  the  air-vessel  is  three-fourths  ful 
of  water  the  air  will  be  eompressed  into  cme^fourth  ^  itf 
original  space,  and  cause  Uie  water  to  ascend  in  ah*  with  the 
^orce  of  three  atmospheres,  or  to  the  height  of  96  or  99  feet, 
j&c.  as  in  the  following  table: 
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2.  Tbe  fire-ei^^  by  Rowntree  is  a  double  force-pump, 
of  a  peculiar  coDstruction,  >Bimilar  in  its  action  to  the  beer^ 
engine,  but  as  it  is  on  a  much  larger  scale,  its  constructions 
auie  of  course  yaried. 

In  tkis  engiiie,  figs.  278  and  279  vte  two  eleyatioDB  at  right  anglea  to 
€Mh  otiier,  of  iSbe  external  part  of  the  engine,  noMBted  oo  four  wheela. 
Fip.  280  iod  281  are  two  sections  perpendicular  to  each  other  of  tlie  body 
oftheeDgine  or  pomp;  figs.  282  iad  263  are  parts  of  the  engine.  The 
came  letters  are  nsesd  as  fer  as  they  apply  in  aU  the  figures;  A  AAA, 
6p.  280  and  281,  is  a  cast-iron  ^rhnder  tnily  bored,  10  inches  diameter 
and  15  kmg,  and  having  a  flanch  at  each  end  whereon  to  screw  two  covers 
with  stufing-boxes  «  a,  in  their  centres^  through  whidi  the  spindle,  B  B,  of 
the  engine  nasses,  and  being  tight  |>acked  with  hemp  round  the  collar, 
makes  a  tight  joint;  the  piston  D  is  affixed  to  the  spindle  witliin  the 
cylinder,  and  fiu  it  tight  all  round  bv  means  of  leathers;  at  £,  fig.  281,  a 
partition,  called  a  saddle,  b  fixed  in  the  cylinder,  and  fits  against  the  back 
of  the  si^ndle  tight  by  a  leather. 

We  h8?e  BOW  a  cylinder,  divided  by  the  saddle  E  and  piston  into 
two  parts,  whose  capacity  can  be  increased  and  dimini^ed  by  moving  the 
piston,  with  proper  passagei  and  valves  to  bring  and  convey  the  water; 
this  will  form  a  pump.  These  passages  are  cast  in  one  piece  with  the 
cylinder:  one,  d>  for  brinoing  the  water,  is  square,  and  extends  about 
one-third  round  the  cylinder ;  it  connects  at  bottom  with  a  pipe  e  ;  at  its 
two  upper  ends  it  opens  into  two  large  chambers  fg,  extending  near  the 
whole  length  of  the  cylinder,  and  dosNl  by  covers,  h  A,  screwed  on ;  t  ik  are 
square  openings  (shown  by  dotted  squares  in  fig.  280)  in  the  cylinder 
communicating  with  the  chambera  ;  i  m  in  /  ^  are  two  valves  closmg  the 
ends  of  the  curved  passage  dy  and  preventing  any  water  returning  down 
the  passage  if ;  ii  o  are  two  passages  fit>m  the  top  of  the  cylinder  to  convey 
away  the  water  ;  they  come  out  in  the  top  of  the  cylinder,  which,  together 
with  the  top  of  the  chanibers  fg,  form  a  flat  surraoe,  and  are  covered  hr 
two  valves,  J>  q,  to  retain  the  water  which  has  passed  throu^  them.  A 
chamber,  K^  is  screwed  over  these  valves,  and  has  the  ui^vessel  A,  figs.  278 
sad  iT9,  screwed  itito  its  top;  firom  each  side  of  the  chamber  a  pipe,  tvtr, 
pifc<cdi,  lo  which  ahose  is  screwed,  a»  shown  in  fig.  280.  Levers,  ap», 
are  iied  to  the  spindle  at  each  end,  as  shown  in  fig.  279,  and  cany  tbe 
handles  H  H,  by  which  men  work  the  engine,  mien  the  pi|^on  moves^ 
ssdiownby  the  armw  in  fig.  281,  it  produces  a  vacuum  in  the  chamber  f, 
aad  that  past  9i  the  qrlinder  contiguous  to  it,  the  water  in  the  pipe  e  thesi 
•pSM  the  fafane  «,  8^  fills  the  oyjmder. 

The  aanie  motion  Ibvues  the  water  contained  in  the  other  part  of  the 
orlinder  thiougii  the  valve  g,  mto  the  chamber  K,  and  thence  to  the  hose 
tuoQ^  the  pipe  sv  i  the  piston  being  turned  the  other  way  reverses  the 
jJpentkMi  vitn  respect  to  the  values,  though  it  continues  the  same  in  itself. 
Ine  pipe  e  is  screwed  by  a  flanch  to  an  upridit  pipe  P,  fig.  282,  con- 
Dsdad  with  aobther  squaire  uron  pipe,  fiwtened  aloa^  the  bottom  of  the 
cte  oCd»  eqgiiie;  a  nurved  biass  tube,  G,  comes  firom  this  pipe  through 
the  md  of  the  <^iest,  and  is  cut  into  a  screw  to  fit  on  the  suotion-hoae 
vhm  it  cuk  bs  used ;  at  other  timet  a  dose  cap  is  screwed  on,  and  andher 
^ms  cap  at  U,  within  the  chest,  is  screwed  upwards  on  its  socket,  to  open 
•CHtal  small  hotoain  it,  and  allow  the  water  to  enter  into  the  pipe;  in  this 
<9>c  the  engine-diest  must  be  kept  full  of  water  by  buckets.  Ihe  valves 
*K  made  g?  brass  and  turn  upon  hinges.  The  principal  advantage  #f 
i^  engine  is  the  facility  with  which  it  is  cleared  from  any.  saad,  gmvel. 
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or  other  dbstruotionty  which  a  ilre*6ngioe  will  always  gather  wbea  ai 
woik. 

The  chomhert /^  Mng  lo  laroe,  allow  su'ffipient  room  to  lodge  t  greater 
quantity  of  dirt  thui  is  Hkc^  to  be  accumulated  in  the  use  of  &e  eoginrat 
any  one  fire,  and  if  any  of  it  accidentally  falls  into  the  cylinder,  it  it  xendy 
lifted  out  a^pun  into  the  chambers,  by  the  piston,  without  being  any  obstmo- 
tion  to  its  motion ;  to  clear  the  engine  from  the  dirt,  two  ciscolac  plates  of 
five  indies  diameter,  are  unscrewed  from  the  Uda  kk^eithit  efaamben  /#, 
and  when  cleaned  are  screwed  on  again;  these  screw-coTers  fit  pertedh 
tight  without  leather,  and  can  be  taken  ou^  the  engine  cleared,  and  enclosed 
again  in  a  very  short  time,  eren  when  the  engine  is  in  use,  if  foond 
necessary. 

The  two  upper  valves  pq^  and  chamber  K,  can  also  be  cleaned «idi 
/equal  ease,  by  screwing  out  the  air-vessel -A^  fig*  ^8,  whidi  opeas^sk 
aperture  of  five  inches,  and  fits  air-tight,  without  leather,  when^clwei 
Ine  valve  may  be  repaired  through  ^e  same  openii^.  The  us^  ^  the 
air-vessel,  k  A,  figs.  378  and  ^9,  is  to  equalize  the  jet  horn  the  ^agiae 
during  the  short  intermittance  of  motion  at  the  return  of  the  piston-stroke; 
this  it  dote  by  the  elasticity  of  the  compressed  air  within  it,  whidi  forces 
the  water  out  conthtually,  though  not  supplied  quite  TegiiUziy  -from  ibr 
engine.  ...  •.._..- 

The  engine  from  which  the  dra^raig  waa  taken,  wati  ctm- 
structcd  for  the  Sun  Fire  Insurance  Comjpany,  in  liondoiti,  and 
from  some  experiments  made  l^  their  agent,  Mr.  Samuel 
Hubert,  appears  to  answer  every  purpose* 


JACKS.  r 

Thb  jacks  which  we  purpose  here  to  describe  are  ample 
machines  used  for  raising  heavy  weights. 

Fig.  841  represents  the  common  or  simple  hand  jack ;  a  block  <)f  weod 
about  two  feet  six  tnehes  long,  10  inches  broad,  and  six  inches  li^ide^is  per- 
forated with  a  square  bole  or  mortise  through  it  lengthwise  for*  the  re^ 
tion  of  aniht>n  rack  B.  This  rack  is  formed  with  a  double  daw  or  hocn  at 
its  upper  end.  A  small  pinion  C  is  made  to  engage  in  the  teeth  of  the  rack. 
The  axis  of  the  pinion  is  supported  in  iron  plates  bolted  to  eadi  sida  of  tk 
block,  and  one  end  of  the  axis  projects  thi^ugh  the  side  plate,  with  a  sqosre 
to  receive  a  winch  or  handle,  which,  bein?  turned  round,  the^  pinion  ele- 
vates the  rack  B  in  the  mortise,  and  raises  the  claw  or  horns  up  to  the  load 
to  which  it  is  applied;  To  prevent  the  weight  of  the  load  running  the  pinioo 
back,  the  handle  is  detained  by  a  hook  or  link  a,  &stened  to  the  outside  ef 
the  block. 

When  a  greater  power  is  required  than  the  simple  rack  and '  jmiioB  sie 
capable  of  exertrag,  a  combinatiou  of  wheels  wovk  is*  used,  as  shuwu  nrise 
same  figure,  where  A  A  is  the  bk>dk  of  wood,  which  in  4his  case  is  made 
auffieiently  wide  to  coauin  the  cog^iHteel  F^-fiaed-^o  the  piaioa-C,  whidi 


acts  in  the  teeth  of  the  rack  B.  G  is  a  seeond  pinion  of  hm  laaves,  wo^ 
ing  in  the  wheel  F;  and  the  axis  of  this  pinion  prsjieets  throuf^  the  side  flf 
the  block  for  the  winch  H  to  be  fixed  on  It.  The  block  A  A  is  made  ia  tas 
halves,  and  the  recess  for  Ae  wheel  F,  and  the  pinion  G,  is  cut  oat  in  ose 
«f  the  halves ;  the  otlier,  being  laid  flat  against  it,  supports  the  (root  pi««t* 
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of  th«  mhtA  and  pmioiis.  The  two  hahret  are  bound  together  by  strong 
iron  hoofa  b  b,  dnren  orer  the  outside.  The  rack  has  a  daw  N,  at  its  lower 
endy  pro|ecting  out  sideways  through  an  opening  or^tit  cut  through  in  the 
front  half  of  tl^  block.  This  daw  can  be  introduced  oeneath  a  stone  which 
lies  nearly  flat  upon  the  ground,  and  whidi  consequently  could  not  be  acted 
uDon  by  tbe  daw  on  the  top  of  the  rack.  To  pierent  the  rack  descending 
imen  it  has  a  load  upon  it,  the  small  dick  «  drops  into  its  teeth,  but  clears 
it  in  going  up ;  whtu  it  is  not  required  to  detain  the  rack,  this  dick  can  be 
tamed  out  or  ^  way  sideways. 

Fiff.  342  is  a  screw  jack.  The  block  of  wood  A  A  is  perforated  nearly 
its  whole  lengdi  with  a  hole  sufficiently  large  to  allow  the  screw  B  to  move 
upand  down  without  touching.  Hie  screw  passes  through  a  nut  n,  fixed  into 
thetopof  theblock  A;and  if  the  screw  is  turned  round,  it  must  rise  up  through 
the  nut,  and  derate  the  daw  F.  This  daw  is  fitted  on  the  top  of  the  screw 
with  a  round  coUai,  whidi  allows  the  screw  to  turn  round  without  turning 
the  daw ;  and  the  daw  N,  which  projects  through  a  groove  or  opening 
made  in  the  side  of  the  block,  is  fitted  to  the  screw  wita  a  smaller  collar. 
Tbe  bottom  of  the  block  has  four  short  points  to  prevent  the  machine  slip- 
ping when  used  upon  hard  ground.  To  give  motion  to  the  screw,  the 
tower  half  of  it  is  formed  into  a  square,  and  a  worm-wheel  C  is  fitted  upon 
the  souare.  The  teeth  of  this  wheel  are  engaoed  by  a  worm  on  the  axis  of 
the  wmdi  H,  and  j^ates  of  iron, «  ft,  are  bolted  on  each  sidcof  the  block, 
near  the  middle  or  its  height,  to  carry  the  ends  of  the  axis  of  the  winch  and 
of  tbe  worm  which  is  concealed  bv  the  worm-wheel  C.  When  the  winch  is 
<omed  round,  it  causes  the  wheel  C  to  revolve  by  the  action  of  the  worm  in  its 
teeth ;  and  as  tbe  wheel  is  fitted  on  the  square  part  of  the  screw,  it  compels 
it  to  turn  with  it,  but  at  tbe  same  time  allows  the  screw  to  move  up  and  down. 

Jacks  hare  been  also  conatnicted  upon  the  bydrostatie 
principle  discovered  by  P^^scal,  and  wbich  has  been  applied 
to  pnulice  by  the  late  Mr.  Bramah>  in  this  and  various 
other  useful  nuM^hines. 


CRANES. 

Ceanbs  are  certain  simple  machines  m  whidi  ekher  the 
wheel  and  axle^  or  wheel  and  jmiion,  are  introduced,  to  effect 
the  rainng  of  heavy  loads^  such  as*  the  loading  or  unloading 
of  riupping  at  the  quays  or  wharfs^  or  the  raising  or  lowering 
goods  to  and  from  chambers  or  warehouses. 

Various  modes  have  been  adopted  to  turn  the  wheel,  or 
that  part  of  the  machine  which  is  applied  to  the  same  pur- 

Pee,  by  introducing  long  staves  into  the  aade,  by  which 
acquires  tiie  name  of  a  capstan,  or  windlass ;  or  by  a  rope 
passing  over  the  wheel,  and  putting  it  and  the  axle  in  motion 
by  friction.  Other  metiiods  have  been  adopted,  such  as  form- 
ing the  wheel  hollow,  and  caumng  it  to  revolve  by  means  of 
bboorers  inside  of  it,  walking  up  its  sides,  which  consequentiy 
descends  benei^  their  weight ;  or  by  formiuff  it  into  a  plat- 
form, lybg  in  a  danting  directkm,  and  the  labourers  pushing 
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against  a  fixed  iurm^  wbidi  forces  the  platform  or  wiiedi  ccmud 
under  their  feet. 

Most  of  the  cmiies  constructed  with  the  wheel  and  axle 
occupy  too  much  space,  which  is  of  importance,  and  conse- 
quently, where  cranes  are  in  general  itse,  have  been  super- 
seded by  the  wheel  and  pinion,  which  is  of  a  more  compact  and 
convenient  construction.  The  wheel  and  pinion  is  generally 
accompanied  with  a  ratchet- whed  and  pall,  or  some  other  me- 
thod of  locking  the  handle,  so  that  should  the  labourer  desist 
from  his  exertion,  the  load  may  not  return  to  the  place 
whence  it  has  been  raised. 

The  frame-work,  or  that  part  of  the  crane  which  does  not 
immediately  operate  to  raise  the  load,  is  divided  into  three 
parts,  the  post,  the  jib,  and  the  stay.  The  post  is  the  upri^ 
piece,  alnlost  universally  made  to  turn  on  a  centre ;  the  jib  is 
the  arm  extending  from  the  upper  part  of  the  post,  and  m 
some  cases  is  horizontal,  but  more  frequently  at  an  angle  to 
the  horizon ;  and  the  stay  is  that  piece  which  supports  the 
jib,  reaching  from  the  lower  part  of  the  post  to  nearly  tiie 
extremity  of  the  jib. 

The  most  simple  form  of  the  crane  is  that  commonly  used 
in  stone  and  timber  wharfs  for  unloading  vessels,  for  which 

Jurpose  it  is  well  adaptetL  its  power  being  very  great.  It 
as  a  frame  consisting  oi  a  strong  beam  supported  hori- 
,  zontally  at  10  or  12  feet  from  the  ground,  on  the  top  of 
severed  vertical  posts  very  firmly  fixed  in  Uie  ground,  and 
securely  braced  with  stays  in  every  direction.  At  the  ex- 
tremity of  the  horizontal  beam  the  upper  part  of  the  jib  is 
supported,  the  lower  pivot  resting  on  a  post  in  the  ground. 
The  jib,  or  gibbet,  as  it  is  called,  nrom  a  resemblance  to  that 
machine,  is  a  triangular  frame  Df  Wood,  one  side  bei^g  per- 
pendicular, and  ttujpported  on  pivots  at  the  top  and  bottom, 
so  tiiat  the  whole  moves  round  on  ttietfe  as.  a  vertical  axis  of 
motion.  Near  the  upper  end  of  tlie  p^rpendiculaf  post,. » 
beam  proceeds,  forming  the  upper.side  of  a  triangle,  while 
^e  thurd  side  is  a  brace,  extraded  from  the  foot  of  the  per- 
pendicular, to  support  the  uppisr.pieee*  From  ti^e  extremity 
jof  the  latter,  the  burden  is  suspended  by  a  rope  passing  over 
n  pulley ;  the  o^r  end  of  the  rope  is  coiled  round  a  vertical 
roller,  or  capstan,  toniing  en  pi^ota^  ode  supported  by  the 
iiorizmital  bc»m  first  mentioaea,  «ind  .tbe  othep  ofi  a  post  iu 
the  ground.  Tbtcapstnn  is  turned  covmd  bjf  f^efUis  of  long 
horizontal  levers  fix«l  to  it,  «fc  winch  a  groayt  noniber  of  men 
may  be  employed  to  push  .them  round,  or  ib  some  cases  they 
^are.dniwn  by  ^9e&    As  .the  kvtn  adtff&t  of  a  very  great 


Digitized 


by  Google 


ANI>  >CACHIN1ST*  385 

length  in  propoitioii  to  the  diameter  of  the  windlass  on  which 
the  rope  coils,  die  power  of  this  sino^le  crane  is  very  con- 
siderable, and  may  be  doubled  by  a  pair  of  blocks  or  pulUes 
at  the  jib.  When  the  burden  is  raised  to  a  sufficient  height, 
b^  turning  the  capstan,  the  jib,  being  swung  round  on  its 
piTots,  wUl  convey  the  load  into  a  cart  or  waggon  placed  on 
shore  by  the  «]de  of  the  crane. 

Anoroer  land  of  crane,  which  is  equally  common  with  the 
aboTe,  but  u»ed  for  lighter  burdens,  has  tlie  same  jibs,  as 
indeed  most  cranes  have  ;  but  the  windlass,  or  barrel  for  the 
rope,  is  placed  horizontally,  and  has  a  large  vertical  wheel 
fixed  upon  it.  lliis  is  made  of  two  wheels  fixed  pn  an  axis 
at  a  distance  apart,  and  united  by  boards,  so  as  to  form, 
a  Iiffge  hoUow  cylinder  or  drum.  Several  men  get  into  this 
wheel,  and  by  constantly  walking  upwards  on  the  inside, 
give  it  a  tendency  to  revolve,  and  wind  up  the  rope  on  the 
barrel.  It  is  surprising,  that  so  imperfect,  this  should  have 
been  so  universally  adopted  as  it  wa^,  till  within  these  few 
vears.  £ve4i  when  the  wheel  is  sixteen  feet  in  diameter,  the 
labooRTs  within  cannot  walk  so  far  up  it,  from  the  perpen- 
dicular, as  to  have  any  effective  leverage  to  turn  it  round ; 
though  they  are  always  ei^sed  to  danger,  and  frequently 
meet  with  most  shod^ing  and  fiital  accidents,  from  sUppiog 
dftmm  in  the  wbeel,  or  bom  'being  overpowered  by  the  load  ; 
in  thn  catoey  the  w^eel  runs  bade  with  an  aecelen^ing  velocity, 
aad  the  people  are  thrown  iibout  it  in  almost  dr^^ii  manner. 
From- these  d^cts  of  the  common  construction,  skilful  me- 
dianieians  have  devised  cranes,  that  are  not  only  more  safe,, 
bat  more  powerful  in  their  operation,  than  the  common 
ivdktng-crane.  Some  of  the  beat,  of  these  will  be  described 
m  the  present  artide^ 

Mr.  radmore,  many  years  ago,  contrived  to  prevent  the 
danger  attending  the  use  of  the  oonstntction  last  described,  . 
by  puttiog-a  ring  of  cogs  all  round  the  outside  of  the  great 
wfaed,  and  implying  a  trundle  provided  with  winches  to  turn 
it  ^'tbia  admtion,,  the  power  was  increased  in  proportion 
to  the-  number  of  cogs  in  the  wheel  to  the  number  of  stavea 
in  the  tnuxtte  ;*  and  in4»rder  to  j^^event  the  wheel  fram  run- 
ning back  by  the  foreeof  the  wei^t,  should  the  man  within 
it  riip,  or  leave  off  walking,  be  added  a  ratchet-wheel  to  the 
end  of  llie  trundle.  Two  wmehes  being  fixed  to  the  ends  of 
the  axis  of  tbe  trundle,  ^gave  the  people  attending  the  ccanc 
the  means  of  assisting  the  man  in  tbe  wheel,  when  the  load 
rendered  it  necessary.  On  the  axis  of  the  trundle  is  likewise 
^Ked  a  wooden  wheel  provided  with  a  brake  or  gripe,  which 
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could  be  forcibly  pressed  on  the  dreumference  of  the  vfhtA 
by  a  lever^  to  cause  such  a  friction  as  would  prevent  the 
weight  from  descending  too  rapidly.  By  this  means,  hwrj 
ffoods  mav  be  raised  or  let  down  at  pleasure,  without  any 
danger  of  injurinc^  the  men  in  the  crane.  This  contrivance  is 
ingenious ;  but  me  n^id  motion  of  the  circumference  of  the 
la^  walking  wheels,  in  most  cases,  rendered  it  inapplicable, 
unless  a  smaBer  cog-wheel  was  fixed  upon  the  same  axis  with 
the  walking-wheel. 

A  crane  to  be  turned  bv  winches,  was  contrived  by  the 
late  Mr.  Ferguson,  which  has  three  trundles,  with  different 
numbers  of  staves.  Any  one  of  these  may  be  applied  to  the 
cogs  of  a  liorizontal  wheel,  mounted  on  an  uj^right  axle,  round 
wmch  is  coiled  the  rope  for  dnmng  the  weight.  This  wheel 
has  96  cogs ;  the  largest  trundle  24  staves,  Uie  next  12,  and 
the  smallest  six ;  so  that  the  largest  revolves  four  times  for 
one  revolution  of  the  whed,  the  next  eight,  and  the  smallest 
sixteen.  The  winch  is  occasionally  fixed  on  the  axb  of 
either  of  these  trundles  for  turning  it,  and  is  applied  to  one 
or  the  other,  according  as  the  weight  to  be  ndsed  is  smaller 
or  larger.  There  is  also  a  fourth  trandle  acting  in  the  teeth 
of  the  great  wheel,  and  on  its  axis  is  a  brake  and  ratchet- 
wheel.  While  the  load  is  drawmg  up,  the  teeth  of  the 
ratchet-wheel  slip  round  below  a  cateh  which  fidls  into  them, 
and  prevents  the  crane  firom  turning  backward,  thus  detainmg 
the  weight  in  any  part  of  its  ascent,  if  the  man  whp  W(»b9  at 
the  winch  should  accidentally  quit  his  hold,  or  w^h  to  rest 
himself  before  the  weight  is  completely  nosed.  Making 
a  dueallowance  for  friction,  a  man  may  raise,  b^  such  a  crane, 
fiN>m  three  to  twehe  times  as  much  in  weu^t  as  would 
balance  his  effort  at  the  winch,  viz.  from  90  to  3601bs^ 
taking  the  average  labour. 

Many  other  constructions  of  wheel-work  are  in  commoo 
use  for  cranes.  Whm  they  are  turned  by  a  winch,  it  is 
proper  to  apply  a  fly-wheel  to  the  axis  of  it,  both  to  eqoaliie 
the  efforts  of  the  labourer  who  turns  it,  and  in  case  he  acci- 
dentally lets  ffo  the  handle,  to  prevent  tiie  load  from  runniog 
down  so  quickly  as  to  endanger  any  thing.  It  is  convenient 
to  have  several  different  powers  to  a  crane  of  tins  kind,  to 
adapt  it  for  the  different  burdens  to  be  raised;  this  is  beal 
done  by  em^ying  a  train  of  several  wheels,  each  tiimed  by 
apinion  smaller  than  itself.  Thus,  suppose  the  barrd  on 
TOch  the  rope  or  chain  winds  to  be  12  inches  in  diasieteri 
and  has  a  cog-wheel  of  96  teeth  fixed  on  the  end  of  it ;  this 
is  turned  by  a  pinion  of  12  leaves }  on  the  same  axis  with 
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this  tti  a  wheel  of  33  teeth,  moved  by  a  pinion  of  eight, 
actuated  on  a  third  axis,  which  should  cany  the  fly-wheel. 
A  winch  of  one  foot  radius  can  be  applied  to  any  of  these 
three  axes  in  the  crane,  and  will  give  three  different  powers. 
Thus,  if  it  is  applied  to  the  gudgeon  of  the  barrel,  it  will 
douUe  the  power  of  the  balance,  because  the  winch  describes 
a  drde  which  b  twice  as  large  as  the  barrel  on  which  the 
chain  winds ;  if  the  winch  is  fixed  on  the  end  of  the  axis 
which  aorries  the  pinion  of  12,  and  the  wheel  of  32,  it 
will  give  the  labourer  a  purdiase  of  16  times ;  and  lastly, 
when  the  winch  is  applied  to  the  pinion  of  eight,  his  efforts 
will  be  multiplied  64  times.  This  simple  mechanism  is  ren- 
dered very  complete  by  fixing  a  fly-wheel  upon  the  axis  of 
the  pinion  of  ei^t,  to  prevent  all  accidents ;  for  which  pur- 
pose it  is  more  effective  than  a  ratchet-wheel,  and  requires  no 
attention.  The  spmdles  of  all  the  pinions  are  made  capable 
of  sliding  endwise,  tor  the  purpose  oi  disengaging  the  wiieels 
from  each  other  at  pleasure,  that  when  the  wheels  are  not 
employed,  there  may  be  no  unnecessary  firiction  in  turning 
them  round. 

The  gibbet  of  a  crane  is  a  very  principal  member,  as  we 
have  before  explained ;  but  in  its  common  construction,  it 
has  some  defects.  The  rope  by  which  the  burden  is  raised, 
passes  exactly  over  the  gudgeon  of  the  vertical  beam  of  the 
jib,  and  is  confined  between  two  small  vertical  rollers,  in  order 
that  it  may  always  lead  &ir  with  the  jj^lley  or  sheave  at  the 
extremity  of  the  jib.  According  to  this  construction,  when- 
ever the  jib  turns  round  its  axis^  the  rope  is  bent  so  as  to 
fana  an  anrie  more  or  less  acute,  which  causes  a  g^reat  in- 
crease of  mction,  and  produces  a  continual  effort  to  brings 
the  arm  of  the  jib  into  a  parallel  position  to  the  inner  part  of 
the  ropes.  These 'inconveniences  may  appear  to  be  tnfling, 
but,  in  actual  practice,  they  are  of  no  small  importance ;  for 
theynecesKirily  require  a  much  greater  degree  c^  power  in 
rswng  ffoods,  and  the  application  of  a  constant  force  to  keep 
the  jib  m  the  position  that  may  be  requisite ;  whUe  the  par- 
tial stress  which  b  exerted  on  only  a  few  strands  of  the  rope, 
whilst  bent  into  an  acute  angle,  destroys  it  in  a  very  short 
time. 

A  fSjajie  construction  of  the  jib,  invented  by  Mr.  Bramah, 
bbfiitfes  an  tiiese  defects,  and  at  the  same  time  nosaesses  tba 
very  desirable  property  of  permitting  the  jib,  ef  what  is  tenped 
a  wharf  or  famdii^  crane,  to  revolve  wbotty  round  ita  ajd% 
and  to  land  sooda  at  any  point  of  the  circle  described  by  the 
ana  of  the  j&. 
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The  simplest  fonn  of  this  cobtrivance  is  shown  in  ttg,  349^  in  which' A  A 
represents  (the  jib  of  a  warehouse-crane  pn^ecling  from  a  walL  It  haa^  as 
uuial,  a  pulley  at  the  extremity,  from  which  the  goods  are  suspended.  The 
improvement  consists  in  placing  a  pulley  at  S,  to  conduct  the  rope  down 
through  the  axis  of  motion  of  the  jib,  the  collars  or  rings  a  a,  on  which  it 
swings,  being  perforated  for  Ae  |fu(pose.  The  rope  afterwards  pas^^s  nnder 
a  pulley  b,  which  conducts  it  into  the  house  to  the  crane  or  raadiide  by 
which  the  weight  is  elevated.  The  pulley  6  maybe  placed  btiweeotbe 
collars  a  a,  and  then  there  will  be  no  necessity  for  a  perforation  of  the  lower 
pivot  of  the  jib.  When  the  jib  is  required  to  describe  a'complete  dtde, 
instead  of  the  two  brackets  at  a  a,  fixed^  to  the  wall,  a  cast-iron  pillar  is  used 
to  support  the  jib,  the<x>Uars  a  a  fitting  upon  it;  the  piDar  is  hoHow,  to 
admit  the  rope  through  i^  and  is  firmly  fixed,  in  a  vertical  p06itidn,.hy  a 
plate  cast  on  the  lower  end  of  it,  and  screwed  doWn  on  the  timber  of  the 
wharf.  Beneath  these  beams^  there  is  another  pulley  in  place  of  b,  to  con- 
duct the  rope  to  the  crane. 

Fig.  344  represents  a  crane  mounted  on  four  trucks,  to  be  capable  of 
removal  from  place  to  place.  It  was  employed  on  Rainsgate-pier,fer  liftiag 
stones  used' in  the  buiiding,  and  is  extremely  well  Ranted  lor  sndi  a  situ- 
ation, as  it  reqwres  no  fixture,  and  will  take  up  a  i#ight  of  finir  tons  with 
four  men,  which  is  sufficient  power  for  such  purposes.  It  was  designed  and 
executed  by  Mr.  Peter  Kier,  by  order  of  the  trustees  for  the  managemcnl 
of  the  ha^bout  at  Ramsgate.  Its  base  consists  of  a  cast-iron  frame  mvlEei 
A  B,  nine  feet  seven  indies  square,  and  twe  tons  weight,  supported  on  four 
cast-iron  wheeU  b  b^  ene  pair  of  which  is  fixed  on  a  common  axle,  which 
moves  round  on  a  centre  fixed  to  one  side  of  the  frame.  This  axle  has  an 
arm  projecting  across  beneath  the  frame  to  the  opposite,  side,  where  a^iack, 
or  segment  of  a  wheel,  h  fixed  on  it,  as  shown  at  c,  engaiging  a  pinioD  fy 
shown  before  the  rack,  on  the  top  oi  whose  axis  a  Winch  is  appned'ati 
Now,  by  turning  thispinJOB,  it  twists  the*¥4ieds  round  upon  the  centie,  to 
steer  the  crane  when  mo^ag  from  place  to  place.  A  vertical  cast-iroo  shaft 
marked  D  F,  weighing  23  cwU,  is  erected  on  the  centre  of  the  iron  trame, 
and  is  supported  by  oak  braces  £  £,  stepped  into  boxes  cast  out  of  the  iioo 
frame  A  B,  at  it»  angles,  so  as  to  ferm  a  very  strong  perpendicular  cdiiaii, 
round  which  ixis  thB^ihoie  ccaae  ira^eites.  The  weight  of  the  frmmiBg  and 
wheel-work  is  supported  by  a  steel  pivot,  or  gudgeon,  on  the  top  of  the 
^afr  F,  and  is  guided  by  a  collar  embracing  the  shaft  at  I.  Tbe  firamiof 
of  the  iib,  or  .movable  part  of  the  crane,  consists  of  a  long  beam  6  H,  beaii^ 
the  pulley  G  at  the  extremity,  resting  on  the  pivot  of  the  upright  piUarw 
the  middle,  and  the  other  end  supporting  the  frame  fot  me  whe^t«li 
LM  N ;  into  this  beam  are  firamed  two  uprights  Q Q,  suspending  th^  plat- 
fi>rm  I  K,  on  which  men  i^  work  the  crane  stand.  Jt  is  braced  by^ 
diagonal  stay  J  P,  and  a  cross  piece  R,  to  prevent  its  bending. 

Mr.  Bramah'fl  ingenious  hydrostatic  principle  of  gmSpg 
a  great  pow^r  is  appticablQ  in  several  ways  to  the  raising  « 
heavy  weights,  and  has  been  frequently  employed  in  fow&M 
cranee.  £a  thege  the  power  is  not  obtained  by  wheel-wcrt, 
pullies,  or  any  other  ordinary  mechanical  powera,  but  on  the 
priaciple  of  the«  experiment  called  the  hydrostatic  pandoSf 
which  has  been  known  for  ages  ;  hut  the  iqpplicatioB  of  iU 
powem  to  useful  purposes  is  due  to  Mt*  Branudi* 

The  simplest  form  is,  for  a  umchine  to  raise  a  heavy  wei^ 
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tD  a  small  heichC.  A  metallic  cylinder,  sufficiently  strongv 
aid  bored  tnuy  cylindrical  within,  has  a  solid  piston  fitted 
JBto  it,  which  is  inade  perfectly  water-tight,  by  leather  pack- 

Iii^  round  its  edge,  or  other  means  used  in  hydraulic  engines. 
The  bottom  of  the  cylinder  must  be  made  sufficiently  strong 
vith  the  other  parts  of  the  surface,  to  resist  the  grieatest 
strun  which  can  erer  be  applied  to  it.  In  the  bottom  of  the 
C]&ider  is  inserted  the  end  of  the  small  tube,  the  aperture  of 
wUdi  communicates  with  die  inside  of  the  cylinder,  and 
introduces  water  or  fluids  into  it ;  the  other  end  of  the  pipe 
communicates  with  a  snudl  forcing-pump,  bv  ^^hich  the 
vtter  can  be  injected  into  the  cylinder  beneath  its  piston ; 
the  pump  ha8  of  course  valves  to  prevent  the  return  of  the 
water.  Now,  suppose  the  diameter  of  the  cylinder  to  be  six 
inches,  and  the  diameter  of  the  piston  of  the  small  pump,  or 
injector,  only  one-quarter  of  an  inch ;  the  proportions  between 
the  two  surfaces  or  ends  of  the  said  pistons  will  be  as  the 
iqnares  of  their  diameters,  which  are  as  1  to  24 ;  therefore  the 
areas  wiU  be  as  1  to  576 ;  and  supposing  the  intermediate 
space  between  them  to  be  filled  with  water,  or  any  other 
dense  and  incompressible  fluid,  any  force  applied  to  the  small 
piston  will  operate  on  the  other  in  the  above  proportion  of 
1  to  576.  Suppose  the  small  piston,  or  injector,  to  be  forced 
<lown,  when  in  the  act  of  forcing  or  injecting,  with  a  we^ht 
of  20  cwt,  which  can  easily  be  done  by  means  of  a  long 
lever,  the  piston  of  the  great  cylinder  would  then  be  moved 
up  with  a  force  equal  to  1  ton  multiplied  by  576. 

Fig.  343  represents  a  crane  constructed  upon  the  hydro" 
Btatiod  principle,  that  is,  by  the  injection  of  water  from  a 
imall  pump  into  a  large  cylinder,  which  is  fitted  with  a  piston^ 
haring  a  rack  attachea  to  it  for  the  purpose  of  tumhig  a  pinion 

rn  the  axis  of  a  large  drum- wheel  or  barrel,  round  which 
rope  is  coiled,  and  from  thence  passes  to  the  jib. 

Tlie  figure  A  A  represents  the  jib,  made  of  iron,  and  supported  upon  two 
brackets  «  %  projecting  from  the  wall  of  the  warehouse  in  whieh  the  crane  is 
(Opposed  to  be  erected.  The  rope  passes  OTer  the  puUeyS,  and  down  through 
holei  in  the  brackets  a  a,  then  turns  under  the  pullev  b,  and  comes  to  the  lower 
nde  of  the  great  drum-wheel  D.  The  pinion  U  is  fixed  on  the  same  axis  with 
tfais,  and  its  gudgeons  turn  in  small  iron  frames  d,  bolted  down  to  the  floor  of 
tbe  warehouse.  The  pinion  C  is  actuated  by  the  teeth  of  the  rack  D,  and  a 
mall  roller,  whose  pirot  is  shown  at  e,  presses  against  the  back  of  the  rack, 
to  keep  its  teeth  up  to  the  pinion.  The  rack  is  attached  to  the  piston  D 
of  the  cylinder  L,  in  which  the  power  for  working  the  crane  is  obtained. 
The  piston  passes  through  a  tight  collar  of  leather  on  the  top  of  the  cylinder 
«t  E,  which  does  not  admit  of  any  leakage  by  the  side  of  it^  and  therefore  if 
tty  water  is  forced  into  the  cylinder  it  must  ttotrude  the  piston  firom  it. 
The  cylinder  is  supported  in  a  wooden  frame  T  F,  and  has  a  small  coppef 
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sipexfy  t»toapffdingfto»<he  lower  end  of  it^  cemniiuiikalisig  with  ^  n»U 
tordng.pump  at  A ;  this  stands  in  an  iron  cistern  H,  which  cootains  the 
water,  and  sustains  the  standard  1 1,  for  the  centre  of  the  handle  0,  with 
which  the  pump  is  worked  by  one  or  two  men.  Tbt  upper  extremity  of  ^ 
standard  i  I  guides  the  pisloii-rod  of  the  pump,  lo  con&ie  it  to  afcitkai 
motion;  I  is  a  weight  m  oounterbalaneinjj  the  handle  G  of  tke  punp. 
From  what  we  hate  said  before,  the  operation  of  this  machine  is  endent; 
the  power  of  the  cylinder  D  is  in  proportion  to  its  size  compared  wifh'tbe 
size  of  the  pump ;  but  as  it  only  acts  through  short  limits,  the  pinkm  and 
drum  B  are  necessary  lo  raise  the  weight  a  sufficient  hei^  The  opeotion 
of  lowering  goods  by  this  etane  is  eztiemdy  simple,  as  it  is  only  neoesuy 
to  open  a  coSl  at  1%  whinfa  sufiersthe  water  to  esoane  finom  the  cylinder  into 
the  cistern  H,  and  the  weight  descends,  but  under  the  most  perfect  conunand 
of  the  person  who  regulates  the  opening  of  the  cock ;  td  by  diminBhing 
the  aperture,  he  can  increase  the  resistance  at  pleasure,  or  stop  it  altogedtfr. 
Fig.  345  is  a  side  elevation  of  a  crane,  llie  post  is  immovable,  and  is 
fixed  on  an  iron  frame^  with  aruB  extending  in  the  form  of  a  cross,  tbe 
extremities  of  which  are  bolted  down  by  strong  screws  to  large  Mods  of 
stone  sufficiently  heary  to  more  dian  counterpoise  the  weight  to  be  ru$ed 
by  the  crane.  In  the  top  of  die  post  is  ^ed  a  wroughtplron  pivot,  by  fftiA 
me  weight  is  supported,  and  a  strong  cast-iron  ci^  bears  on  the  ptiot,  sid 
has  attired  to  it  two  iron  frames,  one  on  each  side,  that  receive  the  pie»- 
snre  from  the  stay,  as  weU  as  support  the  pull  of  the  jib,  which  is  fonoed  d 
two  bars  of  wroiu^t-iron ;  the  lateral  pressure  is  borne  by  the  bottom  of  tl» 
post,,  round  which  two  ftiction-roUers  tun  to  £icUitate  its  motion.  This 
ciane  will  ccrry  five  tons  with  safely. 
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PRESSES. 

Thb  presB  is  a  maohioe  in  most  exfeeuaive  use  in  the' 
meidianic  arts.  It  is  usually  made  oi  wood^  or  iroq,  and 
senres  to  squeeze  or  compress  any  body  very  close. 
^  Screw-presses  generally  consist  of  six  members^  or  pieces ; 
Tiz;  two  nat  smooth  tables  of  wood  or  metal,  between  which 
the  substance  to  be  pressed  is  placed ;  two  screws,  or  wonx\^' 
bstened  to  the  lower  plank,  and  passing  through  two  hufet 
in  the  upper;  and  two  nuts,  in  form  of  an  S,  serving  to*  ib^e 
the  upper  plank,  which  is  movable,  against  the  lower  I^^qH 
is  stable  and  wiUiout  motion. 

Presses  used  for  expressing  liquors,  are  of  various  kinds  i 
some,  in  most  respects,  the  same  as  the  common  presses^ 
excepting  that  the  under  plank  is  perforated  with  a  great 
number  of  holes,  to  let  the  juice  run  through  into  a  tub  ot 
receiver  underneath. 

1 .  An  improved  cider-^ess,  turned  by  a  windlass,  is  shlDwn^ 
in  fig.  284. 

A  A  is  the  base  or  foundation  with  its  supporting  parts ;  B  B  the  cheeks  or 
sisters;  DD  the  cross-piece  at  top,  througn  whu:h  the  screw  passes,  and 
which  consequently  contains  the  female  scfiew;  £  the  screw  with  it^ 
apoendagcs ;  F  F  the  bridge  or  cross-piece  whidi  acts  on  the  pommage ; 
G  G  is  the  wide  plank  or  vat  on  which  the  pulp  rests  in  the  hair  bags,  inr 
whidi  the  mode  of  the  liquor's  passing  off  is  seen. 

This  kind  of  press  may  be  advantageously  employed  ibr  packing  cloth, 
p^ier,  and  other  goods ;  as  also  in  paper-mills,  lor  flattening  and  rendering 
pmr  solid ;  and  in  the  manu&cture  ofwoi^len  cloth,  for  glazing  and  setting 
a  finish  vpoa  the  article  in  its  last  stage. 

2.  Two  elei^obns  of  a  very  sood  screw-press  for  a  paper* 
'miU  are  given  in  figs.  285  and  WSu 

A  A  is  the  bed,  formed  of  an  immense  beam  of  oak;  and  each  of  the 
cheeks,  B,  consists  of  a  long  iron  bar  6  by  fig.  286,  the  ends  of  which  aru 
welded  together,  so  that  it  forms  a  long  sink,  one  end  of  which  receives  the 
cod  of  the  bed  A,  and  the  other  the  end  of  a  massive  cast-iron  bar  D, 
trough  which  the  screw  £  is  received,  and  its  nat  fixed  fast  therein. 
The  open  ipaces  of  the  long  links  or  cheeks,  b,b,  are  filled  up  by  rails  of 
wood  C,  which  support  the  wei(^t  of  parts  of  the  press  when  it  is  not  iiy 
iction,  but  these  bear  nothine  when  the  press  luis  any  articles  under 
pressure  m  it ;  these  artides  are  laid  at  H,  on  the  bed,  and  the  follower,  G,' 
n  piessed  upon  them  by  the  screw,  when  it  is  turned  by  a  long  lever  put 
wogh  the  iioles  in  the  Krew-head  F. 

The  screws  employed  for  paper-presses  are  generally  formed  with  such 
coaise  threads,  and  so  rapid  a  irmral,  that  the  elasticity  of  the  pfu>er  is  8u£^ 
cient  to  force  it  to  ran  back.  To  these  a  ratchet-wheel,  a,  is  nxed,  and  a 
chck  f,  fig.  287,  is  applied  to  its  teeth;  to  prevent  its  return,  the  click  is 
Mpported  on  a  bar  di^  which  moves  on  a  centre  at  B,  but  the  other  end  is 
ntaioed  by  a  cafeh  or  lever  fg,    Whea  the  press  ia  tabe  reliev«d>  tU* 
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end  f,  of  the  calcfa,  is  driTeo  b«ck;  this  relieves  the  bar  tf  A,  end  the  dkk 
no  longer  detaining  the  ratchet-wheel,  the  screw  runs  back. 

3.  A  very  ingenious  and  useful  pacfcing-press  has  been 
inrented  by  Mr.  John  Peek.    It  is  represent^  in  &g.  288. 

A  A,  the  frame  of  the  press;  B  B,  the  large  screws,  which,  iii  this  pfe», 
contraiy  to  those  in  tonmon  use,  is  fixed  and  immorable ;  C,  a  dioikt 
iron  bar,  extending  beyond  the  sides  of  the  press,  and  haying  thereon  two 
worms,  or  endless  screws  £  £,  which  work  in  two  toothed  wheels  fixed 
to  the  nuts,  and,  by  turning  the  winch  D,  drive  the  nuts  and  bed  up  and 
down  the  screws  as  may  be  found  neeessaiy ;  F,  a  stage,  suspended  ftoa 
the  bedf  and  on  which  the  men  stand  who  work  the  press;  4aioh  a  stage 
may,  if  found  necessary,  be  fixed  at  the  other  end  of  the  bar,  as  shown  by 
the  square  shoulder  G.  The  bed  of  this  press  must  be  formed  of  two 
pieces  of  strong  wood',  which  are  held  togetner  by  screws  and  nuts,  passed 
through  them,  as  shown  zikhkh.  The  mat  atilky  of  this  press  consists  in 
its  b&ag  capable  of  packine  two  sets  of  bales  at  onee ;  thus  answehi^  the 
purpose  of  two  presses,  with  more  expedition. 

4,-  The  hydrostatic  or  water-pre^s,  or  as  it  is  sometimes 
called  Bramah's  Pressyhas,  for  a  great  number  of  purpoees, 
superseded  the  use  of  the  screw-press,  over  which  it  possesses 
great  advantap^es,  in  all  cases  where  a  strong  pressure  is 
required.  It  is  one  among  the  many  useful  inventions  of  the 
late  Mr.  Joseph  Bramah,  of  Piccamlly ;  and  is  ingeniously 
contrived  for  applying  the  quaqua  versum  pressure  ^  ftxids 
as  a  powerful  agent  in  many  kinds  of  machinery. 

These  contrivances  consist  in  the  application  of  water,  or 
other  dense  fluids,  to  various  engines,  so  as,  in  some  instances, 
to  cause  them  to  act  with  ipuuense  force  ;  in  others,  to  com- 
municate the  motion  and  powers  of  one  pait  of  a  Buicbine  to 
some  other  part  of  the  same  machine ;  and,  lastly,  to  com- 
municate the  motion  and  force  of  one  machine  to  another, 
wh^re  their  local  situations  ptedude  the  application  of  all 
other  methods  of  connection.^ 

The  first  and  most  material  part -of  thia  iuTentioa  will  be  clearly  unde^ 
stood  by  an  inspection  of  fig.  389,  where  A  is  a  cytiader  of  iron,  or  othes 
materials,  snfficieiJIW'  strong,  and  bored  perfectly  smooth  and  cyiladrical ; 
ftito  which  is  fitted  the  piston  Bf  whidi  must  be  made  perfectly  waler-tigM, 
by  leather  or  other  materials,,  as  used  in  pump-making.  The  bottoni  ef  the 
cylinder  must  also  be  made  sufficiently  strong  with  the  other  pant  of  the 
suHace,  to  be  capable  of  resisting  the  greatest  fi)rce  or  strain  that  may  at 
any  time  be  rec^uired.  In  the  bottom  of  the  cylindo*  is  inserted  the  end  of 
the  tube  C;  the  aperture  of  which  commmicates  with  the  inside  of  tke 
c]dinder,  under  the  piston  B,  where  it  is  shut  with  the  small  yalve  D,  die 
same  as  the  suction-pipe  of  a  common  pump.  The  other  end  of  the  lube 
C  eommunieates  witn  the  small  feicingHpamp  or  ii\^ector  £,  by  mesns  of 
which  water  or  other  dense  fluids  can  be  rorced  or  injected  into  the  cyhndv 
.  A,  under  the  piston  B&  Now,  suppose  Uie  diameter  of  the  cylinder  A  U 
12  inches,  and  the  diameter  of  the  piston  of  the  small  pump  or  injector  £ 
only  one  quarter  of  an  inch,  the  proportion  betwecBi  the  two  sorfeoes  or  tods 
of  the  said  piston  will  be  as  1  to  3304 ;  and  supposing  the  iatermcdisie 
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I  between  them,  to  be  filled  with  water  or  other  dense  fluid  capable  of 
eufficient  resistance,  the  force  of  one  piston  will  act  on  the  other  just  in  the 
Jibore  proportion,  viz.  as  1  is  to  2304.  Suppose  the  small  piston  in  the 
injector  to  be  forced  down  when  in  the  act  of  pumping  or  injecting  water 
into  the  cylinder  A,  with  the  power  of  20  cwt.  which  could  easily  be  done 
by  the  lerer  H ;  the  piston  B  would  then  be  moved  up<with  a  force  equal 
to  20  cwt.  multiplied  bv  2304. 

Thus  is  coDstrueted  a  hydro-nechanical  engine,  whereby  a  .weight 
amounting  to  2304  tons  can  be  raised  by  a  simple  lever,  through  equal 
space,  in  much  k»s  time  than  coM  be  done  by  any  apparatus  ^con- 
stracted  on  the  kno«n  principles  of  mechanics;  and  it  may  be  proper 
to  obserre,  that  the  effect  of  all  other  medianiod  comlnnations  is  coun- 
teracted by  ^n  accumulated  complication  of  parts,  which  renders  them 
incurable  of  being  nsefiiUy  extended  barona  a  certain  degree ;  but  in 
mactuDes  acted  upon  or  constructed  on  this  principle  every  difficulty  of 
this  kind  is  obviated,  and  their  power  subject  to  no  finite  restraint  To 
prove  this,  it  will  be  only  necessai^  to  remark,  that  the  force  of  any  machine 
acting  upon  this  principle  can  be  mcreased  ad  infinitum,  either  by  extending 
the  proportion  between  the  diameter  of  the  cylinder  A,  or  by  applying 
greater  power  to  the  lever  H. 

Fig.  290  represents  the  section  of  an  engine,  by  which  veiy  wonderful 
eflects  may  be  produced  instantaneously  by  means  of  compressed  air. 
A  A  is  a  cylinder  with  the  piston  B  fitting  air-tight,  in  the  same  manner  as 
described  in  fig.  289.  C  is  a  globular  vessel  made  of  copper,  iron,  or  other 
strong  materisds,  capable  of  resisting  immense  force,  similar  to  those  oi 
air-guns ;  D  is  a  strong  tube  of  small  bore,  in  which  is  the  stopicock  JB. 
One  of  the  ends  of  this  tube  communicates  with  the  cylinder  under  the 
pistoD  B,  and  the  otlier  with  the  globe  C.  Now,  suppose  the  cylinder  A 
to  be  the  same  diameter  as  that  in  fig.  289,  and  the  tube  D  equal  to  one 
quarter  of  an  inch  diameter,  which  is  the  same  as  the  injector,  fig.  289; 
thm,  suppose  that  air  is  injected  into  the  globe  C  (by  the  common  method) 
tin  it  presses  against  the  cock  £  with  a  force  euual  to  20  cwt.  which  can 
easily  t>e  done ;  the  consequence  will  be,  that  wnen  the  cock  £  is  opened, 
the  piston  B  will  be  moved  in  the  cylinder  A  A  with  a  power  or  force  equal 
to  2304  tons ;  and  it  is  obvious,  as  in  the  case  fig.  289,  that  any  other  unlimited 
deeiee  oi  force  may  be  acquired  by  machines  or  engines  thus  constructed. 

fig.  291  b  a  section,  merelv  to  show  how  the  power  and  motion  of  one  roa- 
diine  may,  by  means  of  fluids,  be  transferred  or  communicated  to  another, 
let  their  distance  and  local  situation  be  what  they  may.  A  and  B  are  two 
small  tubes,  smooth  and  cylindrical,  in  the  inside  of  each  of  which  is  a 
piston,  made  water  and  air  tight,  as  in  figs.  288  and  289.  C  C  is  a  tube 
conveyed  under  ground,  or  otherwise,  from  the  bottom  of  one  cylinder  to  the 
other,  to  form  a  communication  between  them,  notvrithstandmg  their  dis- 
tance be  never  so  great,  this  tube  being  filled  vrith  vrater  or  other  fluid, 
until  it  touch  the  lx)ttom  of  the  piston ;  then,  by  depressing  the  piston  A, 
the  piston  6  vrill  be  raised.  The  same  efiect  will  be  produced  rice  versd : 
thus  bells  may  be  rung,  wheels  turned,  or  other  macninery  put  invisibly 
in  motion,  by  a  power  being  applied  to  either. 

Fig.  292  is  a  section,  showing  another  instance  of  communicating  the 
action  and  force  of  one  machine  to  another ;  and  how  water  may  be  raised 
cut  of  wells  of  any  depth,  and  at  any  distance  from  the  place  where  the 
operating  power  is  applied.  A  is  a  cylinder  of  an^  required  dimensions, 
in  whidi  is  the  working  piston  B,  as  in  the  foregoing  examples ;  into  the 
bottom  of  this  cylinder  is  inserted  the  tube  C,  which  may  be  of  less  bore 
thru  the  cylinder  A.    This  tube  is  continued,  in  any  required  dir^ion^ 
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jdowD  to  the  pamp  qrlinder  D,  supposed  to  be  filled  in  the  deep  w«U  ]&B, 
and  ^DTins  a  junction  therewith  abore  the  piston  F ;  whidi  piston  htS  a  rod 
Gy  working  through  the  stuffing-box,  as  is  usual  in  die  conunon  pump.  To 
aids  rod  G  is  connected,  over  a  puUey  or  otherwise,  a  weight  H,  sofficieiit 
to  oTerbalance  fhe  wei^  of  water  in  the  tube  C,  and  to  raise  the  piston  F, 
when  the  piston  B  is  lifted ;  thus,  suppose  the  piston  B  is  drawn  up  1)^  its 
rod,  there  will  be  a  Tacuum  made  in  me  pump  orlinder  D,  below  the  pitUm 
F ;  the  racuum  will  be  filled  with  water  throogh  the  suction  pipe,  by  the 
pressure  of  the  atmosphere,  as  in  all  pumps  fixol  in  air.  The  return  of  the 
piston  B;  by  being  pressed  downwards  in  the  cylinder  A,  will  make  t 
stroke  of  the  piston  in  the  pump  cylinder  D,  which  nay  be  repeated  in  tin 
.usual  way  by  the  motion  of  the  piston  B,  and  the  action  of  the  water  in  the 
tube  C.  The  rod  G  oC  the  piston  F,  and  the  wetf^  H,  are  not  necesssiy 
in  welb  of  a  depth  where  the  atmosphere  will  OTeibolance  the  water  in  the 
suction  of  the  pump  cyUnder  D,  and  that  in  the  tube  C.  The  small  tabe 
and  cock  in  the  cistern  I,  are  for  the  purpose  of  charging  the  tube  C. 

By  these  means  it  is  obvious  that  the  most  commodioos 
machines,  of  prodigious  power,  and  susceptible  of  the  greatest 
strength,  may  readily  be  formed.  U  the  same  multiplication  of 
jpower  be  attempted  by  toothed  wheels,  pinions,  and  racks,  it 
IS  scarcely  possible  to  give  strength  enough  to  the  teeth  d 
the  racks,  and  the  machine  becomes  very  cumbersome  and  of 
great  expense.  But  Mr.  Brunah's  machine  may  be  made  to 
possess  great  strength  in  very  small  compass.  It  only  requires 
yery  accurate  execution.  Mr.  Bramah,  however,  was  greadf 
mistaken  when  he  published  it  as  the  discovery  of  a  new 
inechigiic  power.  The  principle  on  which  it  depends  his 
been  well  knowQ  for  n^urly  two  centuries ;  and  it  is  matter 
p{  surprise  that  it  has  never  before  been  applied  to  any  useful 
practical  purpose. 

5.  The  Stanhope  prinOng-press  is  delineated  in  figs.  293 
find  394,  being  deviations,  and  fig.  295,  a  plan. 

A  A  is  a  massiye  frame  of  cast-iron  formed  in  one  piece ;  this  is  the 
|)ody  of  the  press,  in  the  upper  part  of  which  a  nut  is  fixea  for  the  recepiioo 
pf  the  screw  6.  and  its  pomt  operates  upon  the  upper  end  of  a  slider  ^ 
j?hich  is  fitted  mto  a  dove-tail  groove  formed  between  two  vertical  ban  ef, 
pi  ihfi  frame.  The  slider  has  me  platen  D  D  firmly  attached  to  the  lower 
,end  of  it;  and  being  accurately  fitted  between  the  guides  ee^  theplatm 
must  rise  and  fidl  parallel  to  itself  when  the  screw  b  is  turned.  The  wei^t 
JDf  the  platen  and  the  slider  are  counterbalanced  by  a  heavy  weight  E,  bebsul 
Ihe  press,  which  is  suspended  from  the  lever  F,  and  this  acts  upon  the  sbdei 
)to  lift  it  up,  and  keep  it  alwa^  bearing  against  the  point  of  the  screw. 

At  G  are  two  projecting  pieces,  cast  all  in  one  with  the  main  frame,  to 
^upport  the  carnage  when  the  pull  is  made;  to  these  the  rails  H  are 
screwed,  and  placed  truly  horizontal,  for  the  carriage  I  to  run  upon  diem, 
^hen  it  is  earned  under  the  press  to  receive  the  impressipn,  or  drawn  out 
to  remove  the  printed  sheet.  The  carriage  is  moved  by  the  rounce  or 
handle  K,  with  a  spit  and  leather  girts  very  similar  to  the  wooden  pretf. 
Vpon  the  spit  or  axle,  a  wheel,  L,  is  fixed,' and  round  this  leather  behs  are 
passed,  one  extending  to  the  back  of  the  carriage  to  draw  it  in,  and  two 
>thersy  which  pass  itnmd  the  wheel  in  an  opposite  direction,  to  draw  it  out 
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Bf  ^Im^mma^  wfatn-te  lundte  is  tented  oiiB  in^  H <lniW9oiit  tbe  car- 
liige^  and  hw  levetsiag  ths  raodon  it  is  carried  in.  Then  is  Ukewise  a 
dKck  tMp/t  from  the  wheel  down  to  the  wooden  base  BL  of  the  frames^ 
and  this  limits  the  motion  of  the  wheel,  and  consequently  the  excunton  of 
thecarriage. 

The  principal  improvement  of  Eavl  Staafaope's  press  oon- 
siste  in  tlie  manner  of  giving  motion  to  the  screw,  b,  of  it, 
which  is  not  done  simply  by  a  bar  or  lever  attadied  to  tiie 
screw,  bnt  by  a  second  lever  e,  g;  the  screw,  i,  has  a  sliort 
kver,  gj  fixed  upon  the  «pper  end  of  it,  andtlns  communi- 
cates fay  an  iron  bar,  or  liid^,  k,  to  another  lever,  t,  of  rather 
diorter  radius,  which  b  find  upon  the  upper  end  of  the 
second  spmdie  /,  uid  to  this  the  bar  or  handle.  A,, is  fixed* 
Now  when  the  workman  pulls  this  hmdle,  he  turns  round 
the  sjmidle  2,  and  by  the  eomiection  of  the  rod,  h^  the  screw,  b^ 
turns  with  it,  and  causes  the  platen  to  descend  and  produce 
the  pressure.  But  it  is  not  simply  this  alone,  for  the  power 
of  the  lever,  Ar,  is  transmitted  to  the  screw,  in  a  ratio  propor- 
tioned to  the  efiect  required  at  the  different  parts  of  th^  pull; 
thus  at  first,  when  the  pressman  takea  the  bar  K,  it  lies  in  a 
dbection  parallel  to  the  frame,  or  across  the  press,  and  tl^ 
short  lever  t  (being  nearly  perpendicular  thereto)  is  also 
Dcariy  at  rig^  angles  to  the  connecting  rod  A  ;  but  the  lever^ 
gj  of  the  screw,  makes  a  considaraUe  angle  with  the  rod, 
which  therefore  acts  upon  a  shorter  radius  to  turn  the  screw  3 
because  the  real  power  exerted  bjr  any  action  upon  a  lever, 
is  not  to  be  considered  as  acting  with  the  full  length  of  the 
lever  between  its  centres,  but  with  the  distance  in  a  perpen- 
dicular drawn  Hue,  in  which  the  action  is  applied  to  the 
centre  of  the  lever*  Therefore  when  the  pressman  first  takes 
the  hanudle  K,  the  lever  t  acts  with  its  full  length  upon  a 
shorter  lengtii  of  leverage,  j",  on  the  screw,  whioi  will  con- 
sequently^ be  turned  nMMre  rapidly  than  if  the  bar  its6]f  was 
attached  to  it;  but  on  continuing  the  pull,  the  situation  of 
the  levers  change,  that  of  the  screw,  g^  continually  increasing 
its  acting  Veagak^  beeauee  it  comes  nearer  to  a  perpendicular 
«ith  the  connectmi^  rod,  and  at  the  same  time  the  lever  t , 
finunishing  its  actmg  length,  because,  by  the  obliquity  dt 
the  lever,  the  rod,  A,  appr^u:hes  the  centre,  and  the  perpen- 
dicular distance  ^minisLes ;  the  bar  or  handle  also  comes  to 
a  mors  fikvourable  podtion  for  the  man  to  pull,  because  he 
draws  nearly  at  right  angles  to  its  length*. 

AH  these  causes  combmed  have  the  best  efiect  in  producing 
an  immense  pressure,  without  loss  of  time ;  because  in  the 
first  instance  the  lever  acts  with  an  increased  motion  upon 
the  screw,  and  brings  the  platen  down  very  quidUy  upon  the 
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f  aper^  but  by  that  time  the  levers  have  aasumed  sudi  i 
position  as  to  expert  a  mpre  powerful  action  upon  each 
other^  and  this  action  continues  to  increase  as  the  bar  is 
4rawn  forwards,  until  the  leyer,  t ,  and  the  connecting  rod  are 
brought  nearly  into  a  straiffht  line,  and  then  the  power  b 
immensely  ^reat,  and  capiu>le  of  producing  aaj^  retjoisite 
pressure  ^^ch  tiie  parts  of  the  press  will  sustain  without 
yielding.  The  iutndle  is  sometimes  made  to  come  to  rest 
against  a  atop,  which  prevents  it  moving  further,  and  there- 
fmre  regulates  the  degree  of  jnressure  given  upon  the  work: 
but  to  give  the  means  of  mcreasing  or  diminishing  this 
pressure,  for  di£Eerent  kinds  of  work,  the  stop  is  made  mof- 
able  to  a  small  extent.  A  better  plan  is  adopted  by  some 
makerft  of  the  Stanhope  press,  viz.  to  have  a  screw  adjust- 
ment at  the  end  of  the  connecting  rod  A,  by  which  it  can  be 
idiortened ;  it  is  done  by  fitting  the  centre  pin  which  unites 
It  to  the  lever  ^,.in  a  bearing  piece,  which  slides  in  a  groove 
ibrmed  in  the  rod,  and  is  regulated  by  the  screw.  .  This 
^horteninjT  of  the  connecting  rod  produces  a  greater  of  less 
descent  pf  the  platen^  when  the  handle  is  brought  to  the  stop. 

The  carnage  of  the  press  is  represented  w)th  wheels,  m  m,  beneath^  to  tike 
pff  the  fHctionr  of  mo?mg  upon  the  ribs  H.  These  wheels  are  shown  it 
%.  206,  which  is  a  section  of  the  screw  and  the  platen,  with  the  carriige 
beneath  it ;  and  fig.  297  is  a  plan  answering  to  it.  Fig.  298  is  a  figure  of 
a  carriage  inverted  to  show  the  wheels ;  then  axles  n  are  fitted  to  springs  f, 
and  these  are  adjustable  by  means  of  screws  r,  so  that  the  carriage  wifl  be 
borne  up  to  any  required  height.  This  is  so  regulated,  that  when  the  cw- 
riage  is  rtin  into  the  press,  its  lower  surfiice  shall  bear  lightly  upon  the  solid 
pheeks  G,  which  are  p^rt  of  the  body  of  the  press,  and  these  support  it  whes 
the  pressure  is  applied,  the  same  as  the  wmier  of  the  old  press;  but  the 
wheels  by  their  springs  act  to  bear  up  great  part|  of  the  carriage  with  the 
types  upon  it,  and  diminish  the  friction,  yet  do  not  destroy  the  contact  ef 
the  camaffe  upon  the  ribs,  because  this  wotikUa^t  -give  the  carriage  tfait 
solidity  of  bearing  which  is  requisite  for  resisting  ^e  puU.  This  is  only  «t 
the  time  when  the  carnage  is  run  into  the  press;  because  as  it  runs. out,  the 
ribs  on  which  the  wheels  run  rise  higher,  apd  tl^erefore  the  wheels  support 
|he  whole  weight. 

The  manner  in  which  the  wheels  run  in  rebates  or  recesses  in  the  edgai 
of  the  ribs,  is  shown  at  fig.  294.  The. carriage  is  made  of  cast-iren,  in  the 
form  of  a  box,  with  several  cross  partitions,  whidi  are  all  cast  m  one  piece, 
9nd  though  made  of  thin  metal,  are  exceedingly  strong ;  the  upper  sur&ee 
is  made  truly  flat,  l^  turning  it  in  a  lathe.  l%e  same  of  the  ptaten,  which 
is  likewise  a  shallow  box ;  the  slider  if  has  a  plate  formed  on  tne  lower  tad 
of  it,  whidi  is  fixed  by  four  screws  upon  the  top  of  the  platen,  and  thns 
thev  are  united. 

At  the  four  angles  of  the  carriage,  pieces  of  iron,  r,  fig.  297,  are  screwed 
pn,  to  form  bearings  for  the  quoins  or  wedges  which  are  driven  in  to  fitfteo 
the  form  of  types  upon  it  in  the  true  position  for  printing.  Hie  tympan  P, 
fig.  293,  is  attached  to  the  carriage  by  hinges,  with  an  iron  bradcet  or  slop 
|o  ciOch  ^t  when  it  is  thrown  back ;  the  frisket,  R,  is  joined  to  &e  tyDpt% 
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ud  wim  opened  out,  rests  against  a  frame  suspended  from  the  ceiKnff. 
The  iron  frune,  A,  of  the  press  is  screwed  down  unon  the  wooden  base  M, 
by  bolts,  wbidi  pass  through  feet,  t,  projecting  from  tne  lower  parts  of  the  iron 
frame.  Another  wooden  beam  is  fixed  into  the  former  at  right  angles,  so  as 
to  fMm  a  cross,  which  lies  upon  the  floor.  The  ribs  H,  for  the  carriage  to 
ran  upon,  are  suppcnrted  from  the  wooden  base  by  an  iron  bradLCtT. 

The  adTantages  of  the  iron  presses  in  working  are  rery 
considerable,  b^  in  saving  labour  and  Ume. ,  The  first  arises 
from  the  beantif al  contrivance  of  the  levers,  the  power  of  the 
press  being  almost  incalculable  at  the  moment  of  producing 
the  impression ;  and  this  is  not  attended  with  a  correspondent 
loss  of  time,  as  is  the  case  in  all  other  mechanical  powers, 
because  the  power  is  only  exerted  at  the  moment  of  pres- 
sure, being  before  adapted  to  bring  down  the  platen  as 
quickly  as  possible.  This  great  power  of  the  press  admits  of 
a  saving  of  time,  by  printing  the  whole  sheet  of  paper  at  one 
poll,  the  platen  being  made  sufficiently  large  Tor  that  pur- 
pose ;  whereas,  in  the  press  formerly  used,  the  platen  is  only 
half  of  the  size  of  the  sheet.  In  the  Stanhope  press,  the 
whole  sur&ce  is  printed  at  once,  with  fetr  less  power  upon 
the  handle  than  the  old  press,  when  printing  but  half  the 
sorbce.  Thisarises  not  only  from  the  levers,  but  from  the 
ifoo  framing  of  the  press,  which  will  not  admit  of  any  yield- 
ing, as  the  wood  always  yields,  and  indeed  is  intended  to  do, 
the  head  being  often  packed  up  with  elastic  substances,  such 
as  pasteboard,  or  even  cork.  In  this  case  much  power  is  lost, 
for  io  an  elastic  press  the  pressure  is  gained  by  screwing  or 
stndniiig  the  parts  up  to  a  certain  degree  of  tension,  and  the 
eSbrt  to  return,  produces  the  pressure.  Now,  in  Uiis  case, 
the  handle  will  make  a  considerable  eflTort  to  return,  which, 
though  it  is  in  reality  giving  back  to  the  workman  a  portion 
d  i£d  power  he  exerted  on  the  press,  is  only  an  additional 
labour,  as  it  obliges  him  to  bear  the  strain  a  longer  time  than 
he  otherwise  wo^. 

Hie  iron  presses  have  very  little  elasticity,  and  those  w];o 
use  them  find  it  advantageous  to  diminish  the  thickness  of  the 
Usukets  in  the  tympan  to  one  very  thin  piece  of  fine  cloth ;  the 
lever  has  then  very  little  tendency  to  return,  and  the  pull  is 
easy  in  the  extreme,  requiring  very  little  more  force  to  remove 
it  at  the  latter  than  at  the  first  part;  indeed,  the  iron  press  is  so 
Afferent  from  the  other  press,  that  when  an  experienced  press- 
man first  tries  it,  he  cannot  feel  any  of  that  reaction  which  he 
has  been  accustomed  to,  and  will  not  believe,  till  he  sees  the 
sheet,  that  he  has  produced  any  impression  at  all ;  and  for  many 
days  after  he  begins  to  work  at  an  iron  press,  he  by  habit 
throws  bock  all  the  weight  of  bb  body  in  such  a  manner  as  to 
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liring  die  hande  up  to  its  stop  with  a  concoasioii  Ihat  Mkn 
his  arm  very  much,  and  in  consequence  most  pressmen,  alter 
a  few  liours'  work,  feel  inclined  to  give  up  the  iron  p^esi; 
but  when  they  have  once  acquired  a  new  habit  of  standing  noic 
upright,  and  applying  only  a«  much  force  as  it  requires,  the 
lMK>ur  of  the  p^  bea>mes  less  than  that  of  running  the  6u- 
liage  in  and  out ;  and  men  who  are  accustomed  to  tlie  iron 
presses  only,  would  be  scarcdy  aUe  to  go  through  the  wock 
of  the  okL  press. 

Mr.  De  ut  Haine  has  a  patent  for  &  Stanhqpe  (n^ss,  irtndi 
answers  extremely  well ;  the  only  material  ateeration  is,  ttat 
he  has  substituted  a  spiral  or  curved  inclined  plane  in  jititt 
of  the  screw,  which  is  fixed  to  the  head  of  the  press ;  and 
a  cross-arm  properly  formed,  and  fixed  on  the  upper  end  of 
the  spindle,  which,  standingin  place  of  the  screw,  acts  agaiost 
the  fuced  inclined  pkme.  The  action  is  very  nearly  the  same 
as  the  screw,  except  that  the  surfaces  admit  of  being  made 
of  hardened  steel,  and  thus  diminish  the  friction  very  mudu 
The  inventor  of  this  for  the  common  press  was  Mr.  Roworth; 
but  Mr.  De  la  Haine  has  combined  it  with  the  levers  andina 
firame  of  the  Stanhope  press. 

A  common  press,  of  great  simplicity,  and  possessing  the 
same  advantage  in  point  of  power  as  Lord  Stanhope  gains  bj 
the  compound  levers,  has  been  produced  by  Mr.  Medhiust^ 
of  Denmark-street,  Soho. 

6.  In  November  1813,  Mr.  John  Ruthven,  of  Edmborgh, 
took  out  a  patent  for  an  improvement  in  the  printinff^presi, 
which  differs  firom  those  heretofore  used  in  the  flowing 
particulars: 

First,  The  types,  plates,  blodcs,  or  other  surCetces  from 
which  tlie  impression  is  to  be  taken,  instead  ai  being  situated 
upon  a  rtmning  carriage,  as  was  formerly  the  practice,  are 
placed  upon  a  stationary  platform  or  tablet,  which  is  provided 
with  the  usual  apparatus  known  to  printers  by  the  names  of 
tympan  and  friricet,  witii  pcmits,  &c.  to  receive  the  sheet 
of  pi^r  and  convev  it  to  its  proper  situation  on  the  typei 
after  they  had  been  mked. 

Secondly,  The  machinery  by  which  the  power  for  the 
pressure  is  produced,  is  situated  immediately  beneath  this 
platform  or  tablet ;.  and  the  platen  or  surface  which  is  op- 
posed to  the  foce  of  the  typ^^  to  press  the  sheet  of  fvpet 
against  them,  can  be  brought  over  the  types,  and  .connect 
;tt  two  opposite  sides  or  ends  with  the  machinery  beneath  the 
tablet ;  by  this  madiinery  it  is  so  ibrdUy  pressed  or  dxawn 
down  upon  the  paper,  which  lays  upon  the  types^  as  to  gifc 
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(be  impresBicni ;  which  befaig  thus  made,  the  platen  can  be 
fisumted  firom  die  machinery^  and  removed  from  off  the  types 
by  the  foot,  or  otherwise,  to  take  out  the  paper,  and  mtroduce 
a  fresh  sheet 

Thirdly,  The  said  machinery  for  producing  the  pressure  is 
a  combination  of  levers,  actuated  by  a  crank,  or  snort  lever, 
tnmed  by  a  winch,  or  handle,  to  which  the  pressman  applies 
by  his  hsmd ;  or  the  pressure  may  be  produced  by  the  tread 
of  the  foot 

Fig.  29&  is  a  faorinmtal  plane ;  fig.  300,  a  vertical  section 
taken  through  the  middle;  and  fig.  901,  an  end  view;  the 
same  letters  of  reference  being  used  in  each. 

A  A  rqyresent  the  tablet  or  tar&ce  upon  which  the  types,  &c.  are  laid,  its 
ioi&ce  tmly  flat,  and  may  be  made  of  wood,  stone,  or  metal,  or  any  other 
fobstmce  nsed  for  the  carriage  of  printing-presses.  This  tablet  is  mounted 
upon  a  frame  of  wood  or  metal,  consistmg  of  legs  B  B,  and  cross  braces 
CfC,  or  any  other  kind  of  support  may  be  used  which  will  firmly  sustain 
the  ttUet  at  a  proper  height  from  the  ground.  The  tablet  has  a  tympan, 
8  and  0,  joined  to  it  at  the  end,  9,  in  the  usual  manner,  and  open  into  the 
position  of  the  dotted  lines  10,  to  take  ofi*  or  put  on  the  sheet  of  paper, 
which  is  confined  by  the  frisket,  11,  in  the  usual  manner ;  the  dotted  lines^ 
12,  rmresent  the  gallows  or  support  for  the  tympan  and  fruket  when 


For  fastening  the  types  upon  the  tablet,  or  what  the  printers  call  making 
register,  ouoins  or  wedges  may  be  introduced  at  the  angles,  in  the  usual 
manner;  but  a  preferable  method  is  to  have  screws  13, 13,  fitted  through 
pieces  whidi  are  made  fost  to  the  sides  of  the  tablet,  and  between  the  points 
of  these  screws  the  chase,  or  frame  of  types,  is  held  steady  upon  the  tablet^ 
and  may  be  adjusted. 

Beneith  the  tal>let  are  the  lerers  marked  D  £,  D  £,  their  fulorums,  or 
fixed  centre-pins,  being  at  D,  and  they  act  upon  double  hooks  or  dutches, 
FF.  When  the  ends  £  are  depressed  by  means  of  the  third  lerer  I G, 
sitoafted  beneath  and  common  to  both,  the  connection  beins  made  with  the* 
link  0,  the  fiilcram  of  the  lever  is  at  G ;  and  H  is  a  third  point  to  whidh 
the  power  to  actuate  it  is  applied  by  a  connecting  rod  K,  the  opposite  en^ 
of  whidi  it  joined  to  a  crank  or  short  lever  L  M,  situat^  upon  an  axis  or 
>pindle  L,  which  extends  to  the  front  of  the  machine,  and  nas  a  winch  or 
hudk  N,  fig.  299,  upon  it,  for  the  pressman  to  turn  it  by. 

The  pUten  of  the  press  is  shown  at  O  O ;  it  may  be  made  of  wood  or 
iron,  as  usual,  but  must  be  exactly  true  on  the  lower  sur&ce,  which  applies 
to  the  fiice  of  the  types  b  b,  upon  the  tablet  A  A.  On  the  top  of  the  platen 
is  a  strong  metal  bar  P,  which  may  be  either  cast  in  one  piece  with  it,  or 
wilted  to  it  by  screws  at  rr;  at  its  extremities  it  has  bolts  dd^  fixed  to  it 
hy  screws  or  otherwise;  and  at  their  lower  ends  they  most  have  heads 
^vhidi  are  exactly  fitted  to  the  clutches  or  double  hooks  F  F,  before  de- 
scribed. By  means  of  these  the  platen  is  connected  with  thee  lever  D  £,  D  £, 
so  tiiat  a  pressure  raav  be  produced  when  the  handle  N  is  turned  in  the 
direction  diown  by  the  arrow  in  fig.  300.  This,  by  turning  the  lever  M 
•bout  upon  its  centre  L,  pushes  the  rod  K,  which  acting  upon  the  point  H 
«f  Ae  lever  GH  I,  moves  it  upon  its  centre  G,  and  depresses  the  point  I, 
^Wi  being  connected  with  the  extremities  E  of  the  levers  D  R ,  by  tlie 
IhdL  0^  they  are  made  to  .partake  of  its  motion,  and  draw  down  tl  c  platen 
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upon  the  types  hy  the  dutches  F  F,  and  hooks  dd,  Bj  retaining  the  winck 
If  to  its  original  position,  the  pressure  is  relieyed,  and  the  platen  may  be 
removed  from  the  types  thus  : — ^At  the  end  of  the  iMir  P,  two  springi,  #  c, 
figs.  299  and  301,  are  fixed ;  and  in  the  ends  of  these  rollers  or  wMs, 
marked/,  are  fitted  to  revolve  fi-eely  upon  their  centre-pins.  These  wMt, 
having  grooves  in  their  edges,  run  upon  sharp  angles,  formed  upon  the 
upper  edge  of  the  two  rails  KR,  which  are  extended  across  the  firanie  of  the 
press,and  project  sufllciently  behind,  as  in  figs.  299  and  301,  being  supported 
oy  brackets  g,  of  fig.  301,  if  necessary,  tfpon  these  bars  and  wheds  (or 
suders  may  be  used  instead  of  wheels)  the  platen  will  nm  freely,  to  remove 
it  backvrards  and  forwards  ofi*  the  types,  but  when  brought  over  them  ^ 
bolts  dd  will  enter  the  clutches  F  F,  rndy  to  receive  th^  action  of  the  leren, 
and  give  the  pressure  upon  the  tympan. 

The  springs  e  are  so  adjusted,  that  when  the  platen  runs  backwaidi  or 
forwards  upon  the  rails  R,  the  under  surfiice  of  it  will  be  sufficiently  nbed 
above  the  tjrmpan  to  run  clear  of  it ;  but  when  the  htxAsB  dd  and  F  F  ire 
united,  and  the  pressure  given  by  turning  the  handle  N,  ^ese  springs  yield, 
though  they  have  sufficient  strength  to  raise  up  the  platen  clear  of  the 
tympan,  the  instant  the  pressure  is  relieved. 

To  draw  the  platen  forward  over  the  types,  a  handle  k  is  fixed  upon  it, 
for  the  pressman  to  take  hold  by ;  but  it  may  be  brought  by  the  foot,  in  the 
following  manner :  the  two  foremost  whieels,  //,  have  links,  k  A,  jointed 
to  their  centre-pins,  to  connect  them  with  the  upper  ends  of  the  two  loig 
levers  m  m,  which  are  fixed  to  one  common  axis  fi,  fig.  300,  extendinff  acnMi 
the  whole  machine,  near  the  ground ;  uoon  the  axis  a  short  lever  o,  fig.  301, 
is  fixed,  and  a  rod  g  unites  it  to  the  end  of  .the  bent  lever  r  i,  the  arm  i  of 
which  is  made  broad,  to  serve  as  a  paddle  for  the  foot ;  by  depressing  this, 
the  arm  r  draws  the  short  lever  o,  and  the  long  lever  m  m  causes  the  plates 
to  advance  truly  parallel,  and  come  up  to  the  clutches  F  F. 

To  make  all  the  work  compaet,-4he  centres  D  D  of  the  great  lever^  and 
of  the  lower  lever  C,  as  well  as  the  pivoM  h  of.  the  winch  N,  are  all  nip- 
ported  in  one  frame  composed  of  two  meital  cheeks  S  S,  which  are  situated 
beneath  the  table,  and  united  thereto  by  Screws,  or  otherwise,  as  shown  by 
the  dotted  line  in  the  plan,  fig.  299. 

The  power  of  the  press  will  depend  upon  the  proportion  of  the  different 
levers,  and  the  relation  between  the  space  descnbea  by  the  motion  of  the 
handle  N,  and  the  descent  of  the  platen  O;  but  it  should  be  ol»erved,  that 
the  power  of  this  press  inoreases  as  the  handle  descends  to  the  horiiontal 
position  shown  in  ng.  300 ;  first,  because  the  handle  is  then  in  the  moit 
favourable  position  to  receive  the  workman's  body ;  secondly,  the  lever  LM 
comes  to  a  position  which  gives  it  a.  great  poi^et  to  fozce  tlue  rod  K,  uvJi 
is  shown  by  the  dotted  line  L  2,  .for  when  the  lever  and  rod  come  to  vm, 
straight  line,  its  power  to  force  the  rod  K  may  be  considered  ai  infim|d|' 
great ;  thirdly,  the  lever  GH  is  in  the  most  favourable  position,  marked  G  2^ 
receive  the  action  of  the  fod  K,  viz.  perpendicular  to  it ;  fourthly,  theiever 
G I  is  in  a  position  to  have  greater  power  on  the  links  #  and  the  levers  D  £| 
than  when  it  is  in  a  horizontal  position.  All  these  sources  combined  ion 
the  best  effect  ia  saving  time,  and  at  the  same  time^roducing  immenst 
pressure;  for  when  the  pressure  first  takes  hold  of  the  handle  N,  it  acts  \ni 
with  little  advantage  with  respect  to  power  on  the  levers,  and  theiefcie 
brings  the  platen  down  ,very  quickly  upon  the  tympana,  with  little  loss  of 
time  or  motion,  till  they  have  assumed  positions  in  whi^  they  exert  mocf 
powerful  action  upon  Mdh  other,  as  above  stated ;  and  this  action  oontiooef 
to  increase  until  the  lever  L  M  and  rod  K  come  nearly  into  a  line,  when  th^ 
power  i|  immensely  great,  and  enable  of  producing  any  required  presnii^ 
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which  Ihf  parts  of  the  press  will  withstand  without  yielding.  The  handle  N  is 
made  to  coiae  to  a  stop,  or  rest,  which  prevents  its  moving  farther  than  the 
pQOtioQ  of  the  dotted  lines,  and  therefore  regulates  the  degree  of  pressure 
giTen  upon  the  work.  But  to  give  the  means  of  increasing  or  dimmishing 
&e  pressore  at  pleasore  for  different  kinds  of  work,  the  centre  hole  of  the 
pill  H  is  made  in  a  piece,  which  is  fitted  in  a  groove  in  the  rod  K;  therefore 
oj  sliding  it  in  the  groove,  it  has  the  same  effect  as  lengthening  the  rod, 
which  produces  a  greater  descent  of  the  platen  vrhen  the  huidle  is  brought  to 
a  stop ;  a  screw,  t,  is  fitted  into  the  end  of  the  groove,  to  screw  the  packing 
ti^  in  the  groove,  and  prevent  it  getting  loose  in  working. 

Another  method  of  producing  the  same  effect  is  to  adjust  the  nuts  which 
are  fitted  on  the  screws  at  the  top  of  the  bolts  dd ;  or  it  may  be  done  by 
JDceenipg  the  screws  at  r,  and  fitting  packing  between  the  fitting  of  the 
platen  and  the  bar  P ;  the  same  may  be  done  to  adjust  the  platen  parallel,  if 
It  prints  more  at  one  part  than  another. 

Springs  may  be  ajmlied  to  take  off  all  shake  or  loosenesses  in  the  joints ; 
it  may  he  done  in  dinerent  ways :  a  strong  spring  may  be  fixed  beneath  the 
tablet,  nod  act  upon  the  clutch  F,  to  lift  it  up,  and  kee'p  the  joint  tight ;  or 
one  small  spring  may  be  fixed  on  the  lever  D  £,  (as  shown  on  the  opposite 
side,)  to  lift  the  clutch  F,  and  another  being  fixed  to  the  lever  beneath,  and 
resting  at  the  end  upon  a  pin  in  the  frame,  will  lift  up  the  lever  and  link  a, 
to  ke^  them  all  tight  for  working.  If  it  be  thought  objectionable  for  the 
rod  R  to  push  endways  on  the  levers,  it  may  be  contrived  to  draw  or  pull, 
by  pfa^cing  the  lever  M  above  the  spindle  L,  instead  of  beneath  it,  and  also 
levcning  the  form  of  the  lever  G  HI ;  the  points  G  and  B  to  remain  as  they 
are,  but  the  point  I  to  be  on  the  o]iposite  side  of  the  centre,  viz.  above  it ; 
and  with  this  alteration  the  drawing  of  the  rod  K  will  produce  the  pressure, 
iastead  of  pushing  it,  as  in  the' figure. 

Fig.  302  shows  another  arrangement  of  the  lever  for  a  press.  In  this 
figure  the  same  letters  are  used  to  denote  the  same  parts,  thus :  A  is  the 
tablet,  D  £  the  levers,  F  the  clutches,  O  the  platen,  P  the  cross-bar ;  the 
eodsEof  the  levers  are  connected  by  a  link  a,  vrith  a  third  leverTW,  whose 
centre  or  fiilcrum  is  at  V ;  the  power  is  applied  to  the  long  end  by  a  chain  f , 
which  is  conducted  over  a  pulley  or  roller  «,  and  wound  upon  a  wheel  tv, 
which  is  fixed  upon  the  axle  of  the  handle  to  work  the  press.  To  give 
greater  power,  the  wheel  may  be  formed  like  a  spiral,  instead  of  circular, 
that  the  chain  may  lay  upon  a  shorter  radius  whea  the  pressure  is  produced. 

7.  Within  these  few  years,  numerous  and  great  improve- 
ments liave  been  made  in  printing-presses ;  but  the  best  that 
we  have  seen  is  the  invention  of  Messrs.  Bacon  and  Donkin, 
who  exhibited  it  before  the  university  of  Cambridge,  by  whom 
it  is  now  employed  in  the  printing  of  bibles  and  prayer-books. 

Messrs.  Sacon  and  Donkin's  press  consists  in  adapting 
the  types  to  be  fitted  upon,  and  form  the  surface  of  a  prismatic 
roller,  such  as  a  square,  pentagon,  hexagon,  octagon,  or  other 
figure,  and  mounting  this  in  a  frame,  with  the  means  of  turn- 
ing it  round  upon  its  centres ;  a  second  roller  is  applied  in 
•Qch  a  manner,  that  its  surface  will  keep  in  contact  with  the 
surfisce  of  the  types,  which  are  inked,  and  the  machine  being 
put  m  motion,  the  paper  which  is  to  be  printed  is  passed 
through  and  receives  tne  impression.    The  types  are  inked 
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by  a  cylinder  which  is  i^pplied  to  revolve  with  its  smface  fat 
contact  i;nth  them.  By  this  invention^  the  advantage!  of 
types  between  rollers  are  obtained^  although  the  types  ire 
imposed  upon  plun  sur&tces. 

Fig.  303  oonUiBS  a  pertpeetive  view  of  a  wachme,  the  prism  A  of  wUckis 
•quare  m  its  tection,  and  has  the  orc)inaiy  types  or  letter«preis  applied  upoa 
its  Ibursidesy  and  ftnnly  attached  to  it.  Ihe  pivots  at  the  end  or  the  axis  of 
this  pr^  are  sapported  in  the  frame  B  B,  and  it  is  caused  to  revolve  bj  t 
connection  of  wheeWoik  D  £  and  F  G,  from  ^e  winch  and  flj-whed  at  H. 
The  Q^MS  upon  its  surfece  are  caused  to  print  upon  the  paper  by  meau  of 
a  second  roller  1 1,  called  the  platen,  placed  immediately  beneath  tkt 
former,  and  its  sorfiiice  being  ibrmed  to  a  particular  curvature,  produced  by 
four  segme nts*of  cyUnderSj  its  ciicumferenoe,  when  it  turns  rouna,  vifll  ahvijn 
apply  to  die  surrace  of  the  types,  and  thus  a  sheet  of  paper  being  introduced 
between  them,  will  receive  we  impression.  The  ink  is  applied  to  die  types 
by  means  of  a  cylinder  K  K,  placed  above  the  prism ;  it  is  composed  a  a 
soft  elastic  substance ;  and  that  its  sur&ce  may  always  apply  to  like  types, 
its  spindle  is  fitted  in  pieces  LL,  which  moving  upon  an  axis  n,  permit  Um 
l^linder  to  rise  and  fall,  to  aoccunmodate  itself  to  the  motion  of  the  types. 
The  ink-cylinder  receives  its  ink  from  a  second  cylinder  M  M,  idiidi  is 
called  the  distributing-roller,  also  composed  of  a  soft  substance,  and  is  top* 
plied  with  ink  l^  a  third  ink-roller  N  N,  which  is  made  of  metal,  asd 
extremely  true.  The  ink  is  lodged  in  quantity  against  this  roller  npoo  a 
steel  plate  O  O,  the  edge  of  wh^  being  placed  at  a  very  small  distanee 
from  tne  circumference,  permits  the  roller,  as  it  revolves,  to  cany  dova 
a  very  thin  film  of  ink  upon  its  surface,  and  this  being  taken  off  by  the 
distributing-roller,  is  appUed  to  the  surface  of  the  inking-cyltiider,  whidi,  as 
before  mentioned,  inks  the  types. 

The  sheet  of  paper  is  introduced,  as  shown  in  the  figure,  by  pkdog  it 
upon  a  blanket,  whidi  is  extended  upon  a  feeding-boaid  P  P,  and  drawn 
into  the  machine  at  a  proper  timCy  by  having  a  small  ruler,  %  fixed  to  it 
The  ends  of  this  are  taken  rorward  b/  two«tuds  b,  attached  to  endless  cbaiDS, 
which  are  extended  from  the  whe4U  e,  e,  at  the  end  of  the  platen,  to  other 
wheels  d,  d,  which  are  supported  in  the  frame  of  the  foeding-boud.  I^ 
wheels  e,  e,  having  teeth  entering  the  liidu  of  the  diains,  cause  them  to 
traverse  when  the  machine  is  turned  round,  ami  at  the  proper  time  the  piDS> 
bf  draw  the  ruler,  2,  and  blanket  forward,  and  introduce  the  paper  into 
tke  machine,  and  by  paaoine  between  the  prisni  ahd  platen  it  is  printed,  is 
before  mentioned.  This  is  me  general  action  of  the  machine ;  and  we  dui 
proceed  to  detail  the  structure  of  the  several  parts. 

The  type  is  composed,  and  made  up  into  pages,  in  the  usual  manner;  the 
pages  are  then  placed  in  frames  Or  gallies  a,  a,  and  fastened  by  the  screws  I 
at  the  ends,  the  shape  and  size  Of  the  gallies  b0ing  adapted  to  the  sixeof  the 
page  it  is  intended  to  print.  These  gallies  anre  al^idied  to  the  fovr  udts  d 
the  central  axis  of  the  prism  bylthe  screw-clan^ps  1,  the  edges  of  the  gaUief 
being  miUed  together.  By  reUeriog  the  danms,  the  gallies  can  quickly  be 
removed,  and  others  put  in  tjieir  places.  Tne  platen  I  i  is  composed  of 
four  segments  of  cylinders,  1 1,  which  are  attached  to  the  different  sides  of  th* 
eentral  axis  I,  by  means  of  screws,  and  diese  segments  being  propoitiooed 
to  the  prism.  Will  be  the  true  figure  for  the  platen  to  prodooe  the  tmi^sM 
motion,  so  that  the  surface,  when  it  revolve^  will,  in^ul  positions,  nfcaent 
an  accurate  contact  with  the  surface  of  the  types.  The  two  wheds  D,i* 
which  cause  the  prism  and  platen  to  accompany  each  other,  are  formed  to 
correspond  with  the  two.    Thos  the  upper  wheel  D  is  square,  with  its 
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uglefl  Teonded  off,  and  tiie  pitch  or  geometrical  outUne  is  €iactly  of  tbc 
aane  sis  as  the  squaxe  formed  by  the  sur&oes  of  the  types.  The  lower 
wheel  £  is  of  the  jame  sbupe  as  the  platen,  and  iU  pitch-line  the  exaot 
site  of  the  sur&ce  thereof.  loese  wheels  being  cnt  into  teeth,  as  the  figure 
shows,  will  turn  each  other  round,  and  make  their  sur&ces  at  the  point  of 
contact  exactly  correspond  in  their  motions,  so  as  to  hare  no  shding  or 
siip|iing  upon  eac^  other.  To  legnlate  the  pxessuxe  upon  the  paper,  the 
bearings,  in  which  the  piTOts  of  the  platen  are  supported,  can  be  elevated 
W  screws,  3,  and  its  sumce  will  press  with  more  force  upon  the  types ;  but 
that  this  may  not  derange  the  action  of  the  wheels  D  ana  £,  univeisal  joints 
are  applied  in  their  axles,  at  R.  The  inking-cylinder  R  is  caused  to  pre- 
senre  its  proper  distance  from  the  centre  of  the  prism  by  wheels  S,  fixed 
nxA  its  axis,  and  resting  iqnm  shapes  T,  fixed  upon  the  axis  of  th«  nrism. 
Each  of  ihe  shapes,  like  the  wheel  D,  has  four  flat  sides,  oorresponm^g  in 
sin  wHh  the  sumces  of  the  types ;  the  angles  are  rounded  to  segments  of 
a  circle  from  the  centre ;  the  wheels  S  are  of  the  same  size  as  ^e  inking- 
cylinder,  therefore,  as  they  rest  upon  the  shapes  T,  they  prerent  the  ink- 
qrlinder  pasung  upon  the  types  with  any  move  tium  a  8u£6M2ient  force  to 
commanicate  the  ink  without  blotting.  The  inking-cylinder  is  turned  round 
by  a  cog-wheel  N,  upon  the  extremity  of  the  axis  of  the  prism,  which  is  of 
the  same  shape  as  the  wheel  t),  and  engages  another  wheel,  W,  upon  the 
end  of  the  spindle  of  the  inkina-cylimter ;  the  latter  wheel  likewise  gives 
iMtion  to  tfie  distributing-roUer  uy  a  pinion/,  and  this  again  turns  the  iid^- 
roUer  by  a  third  pinion  g,  fixed  upon  the  end  of  its  axb  n,  which  is  sup- 
ported upon  beanngs  B,  B,  in  the  frame.  The  pieces  L,  L,  which  support 
the  pivots  of  the  distributing-roller  and  inkinff-cylinder,  are  fitted  upon  the 
axis*  of  the  inking-cylinder,  so  as  to  rise  and  fall  upon  its  centre ;  and  the 
iistanoas  of  the  t^ers  being  thus  kept  invariably  the  same,  their  circum- 
iBRnoei  are  kept  accnratel^  in  contact,  to  communicate  the  ink  to  each 
other.  The  steel  plate  O,  which,  as  before  mentioned,  regulates  the  quantity 
of  ink  that  the  K^er  N  shall  take  round  with  it,  is  supported  by  a  piece 
extended  across  the  fixed  frame  B  6.  There  are  pieces  of  metal  fixed  upon 
this  }date  by  thumb-nuts,  which  prevent  the  ink  flowing  off  at  the  ends,  and 
^  enter  into  grooves  fonned  round  the  tnk-roUer  N,  near  its  ends.  The 
machine  is  put  in  motion  by  the  handle  vdth  the  fly-wheel  H,  and  this  has 
a  small  wheel  G,  turning  a  large  one  F,  upon  the  end  of  the  axis  b. 

The  frame  supporting  the  feeding-board  P  consists  of  two  rails,  X,  fitted 
epon  the  axis  ot  the  platen,  and  supported  at  the  opposite  ends  by  a  brace 
vom  the  fianuBg ;  mey  sustain  the  pivots  of  the  wheels  d,  i^  for  the  chains; 
«  are  two  rulers  fixed  at  each  side  of  the  feeding-board,  and  inning  a 
jodgment  for  the  ends  of  the  ruler  2,  which  is  attached  to  the  blanket,  and 
it  sudei  upon  these  when  it  is  advanced  ty  the  chains.  The  spaces  on  the 
piaten  between  the  segments  t,  i,  are  afi  filled  up  by  pieces  of  wood, 
cscept  one,  and  in  this  space  the  ruler  is  received  when  it  passes  through 
^  madnne.  In  the  intenral  when  the  spaces  between  the  types  are  passing 
^iver  dtt  sheet,  and  therefore  leave  the  majrgin  between  the  pages  of  printing, 
thept^  is  not  held  between  the  rollers;  but  to  prevent  it  from  slipping 
during  tiiis  interval,  the  blanket  and  paper  are  pressed  down  upon  the 
jpwees  of  wood  whidi  fin  up  in  the  platen  oetween  the  segments  t,  t,  by  the 
w^  of  amaU .  rollers  or  wires.  4,  supported  by  codis  5,  projecting  from 
the  axis  of  the  prism,  and  being  fitted  into  the  slits  at  the  end  of  these  cocks. 
Ihe  wires  are  at  liberty  to  rise  and  fall  by  their  ovm  weight ;  thus,  when 
they  are  at  the  upper  part  of  the  revolution,  they  foil  into  ue  spaces  at  the 
^■gle  of  the  prism,  between  the  pages  of  the  types,  and  thus  escape  the  ink- 
cyliader ;  but  vdien  they  are  at  the.  lower  part  of  their  revobitioo,  they  fidl 
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upon  the  paper,  and  press  it  with  sufficient  force  upon  the  pieoei  of  nool 
in  the  platen  to  carry  the  paper  fonrard  at  the  immal  when  the  tjpes  40 
not  act  upon  it,  and  of  course  while  the  space  between  the  pages  oC  ^ 
printing  is  passing  through. 

The  operation  of  printing  being  very  delicate^  and  reqairing 
great  accuracy,  the  machine  is  provided  with  many  adjustr 
ments  to  make  it  act  correctly,  which  are  as  follows :— The 
segments  i,  i,  upon  the  platen-roller,  are  attached  to  the 
central  axis  I,  by  three  screws  at  each  end ;  the  two  middle 
ones  of  these  (represented  with  square  heads)  draw  the  seg- 
ments down  upon  the  central  axis,  whilst  the  others  (which 
are  turned  by  a  screw-drirer)  bear  them  off;  therefore,  bj 
means  of  these  screws,  the  segments  can  be  accurately  ad- 
justed, till  they  are  found  by  experiment  to  apply  correctly 
to  the  types,  wd  make  an  equal  impression  on  all  parts  of 
the  sheet.  To  render  the  whole  impression  greater  or  leas, 
the  screws,  3,  beneath  the  bearings  of  the  platen-roUer,  are 
turned  as  before  mentioned.  The  degree  of  pressure  with 
which  the  ink-roller  bears  upon  the  types  is  regulated  by 
increasing  or  diminishing  the  size  of  the  shapes  T,  which 
support  its  weight.  And  to  render  these  capable  of  adjust- 
ment, each  is  composed  of  four  pieces,  marked  6,  attached  by 
screws,  7)  to  a  central  piece,  or  whed,  which  is  fixed  upon 
the  axis ;  and  as  the  edges  of  these  pieces  form  the  oudine 
of  the  shape,  they  admit  of  being  adjusted  by  other  screws  to 
a  greater  or  less  distance  from  the  centre,  and  of  course  may 
be  made  to  bear  up  the  ink-cylinder  tiU  the  pressure  on  the 
types  is  equal  throughout  the  whole  surface,  and  snffideot 
to  supply  the  ink  properly.  The  ink-cylinder  is  adjustaUe 
as  to  Its  pressure  against  the  distributing-roller,  and  for  this 
purpose  the  bearings  Ar,  which  support  the  cylinder,  are  fitted 
upon  the  pieces  L,  to  slide,  being  capable  of  regulation  by 
means  of  screws.  In  a  similar  manner,  the  dutribiitiiig' 
roller  can  be  adjusted  to  a  proper  distance  from  the  inUiig- 
cylinder.  He  plate  o  can  be  adjusted  for  the  distance  fi:om 
the  ink-roller  N,  by  screws  j9,  fastened  by  thumb-nuts ;  this 
regulates  the  degree  of  colour  the  impressbn  will  have,  by 
permitting  the  roller  N  to  take  more  or  less  ink ;  behind  the 
inking-cyunder  K,  a  rubber,  or  scraper,  b  placed,  to  press 
very  lightly  against  the  cylinder,  and  to  prevent  the  ink 
accumulating  in  rings  round  the  cylinder,  it  is  fitted  upon 
centres,  and  held  up  by  a  lever  which  is  suspended  by  a 
catch  y,  at  the  end  of  the  piece  L.  This  catqh  is  withdrawn 
when  the  machine  is  not  at  work,  and  then  the, scraper  faOii^ 
down  upon  its  centre,  does  not  touch  the  cylinder*    It  is 
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J  that  the  wheels  D  and  £  should  be  placed  upoii 
thdraxu,  in  such  a  position  that  their  curvature  will  cor^ 
respond  with  the  curvature  of  the  prism  and  platen.  Foi' 
this  purpose  the  universal-joint  R  is  fitted  upon  the  axis  /, 
of  the  wheely  with  a  round  part,  that  it  voAy  turn  on  it.  A 
pieee  of  metal,  r,  is  fixed  last  upon  the  spindle  I,  and  has 
a  hole  in  it  for  the  reception  of  a  tooth  Sf  which  is  screwed 
&8t  upon  the  universal-Joint ;  then  two  screws  being  tapped 
dirough  the  sides  of  the  piece  r,  press  upon  the  end  of  ^,  and 
byiomog  it  either  way,  will  adjust  the  wheel  with  respect 
to  the  platen  till  they  exactly  correspond ;  another  similai^ 
adjustment  may  be  applied  to  the  upper  axis. 

The  manner  of  forming  the  iuK  and  distributing  rollers 
with  an  elastic  substance  is  worthy  of  particular  notice* 
Leather  stuffed  in  the  manner  of  a  cushion  was  first  used,  but 
did  not  succeed,  because  it  became  indented  with  the  types ; 
but  after  many  trials,  a  composition  of  glue,  mixed  with' 
treade,  was  found  to  answer  perfectly.  The  rolled  is  made' 
of  a  copper  tube,  covered  with  canvass,  and  placed!  in  a 
xDOuld,  wnich  is  a  cylindrical  metal  tube,  accurately  bored, 
aud  oiled  withinside  ;  the  melted  composition  is  then  poured 
oat  mto  the  space  of  the  mould,  and  when  cold,  the  whole  is 
drawn  out  of  it,  with  the  glue  adhering  to  the  copper  tube, 
and  fonnmg  an  accurate  cyluider  without  any  further  trouble. 
The  composition  will  not  harden  materially  by  the  exposure 
to  air,  nor  does  it  dissolve  by  the  oil  contained  in  the  ink. 
Tlus  marine  is  well  adapted  to  print  from  stereotype  plates, 
which  the  universities  have  adopted  for  their  bibles  aud  prayer* 
books, 

BRAlCAH'fr  BANX-NOTB  PRBSS« 

8.  It  was  formerly  the  custom  in  the^Bank  of  England  to 
fin  up  the  number  and  dates  of  their  notes  in  writing,  till  the 
year  1809,  when  the  machine  invented  by  Mr.  Bramah  was 
adopted  Cot  this  purpose.  By  this  contrivance,  the  numbers 
and  dates  were  inserted  not  only  in  a  more  uniform  and 
elegant  manner,  but  the  labour  was  diminished  to  less  than 
one-sizth  of  what  it  was  before. 

The  copper-plates  from  which  the  words  of  the  notes  are 
printed,  are  douUe ;  that  is,  they  throw  off  two  notes  at 
a  time  upon  one  long  piece  of  paper.  This  piece  of  paper,^ 
containing  two  notes,  is  then  put  into  the  machine,  which 
prints  upon  them  the  number  and  dates  in  3uch  a  manner,  that 
the  tjrpes  change  to  the  siuxeeding  mmiber,  and  that  the 
^le  operation  is  performed  without  any  attention  on  tha 
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6art  of  tte  cletk.  If  otve  of  ^  notes,  far  63UmM^  H  •**  ly 
N**  1,  and  the  other  on  the  same  pAper  lf» iJOl,  N* aW> ^Att 
tbeiie  are  printed  the  machine  altera  Iteeff  td  N^"  fi.  N<>^3,  dfti 


Jj**  1,  and  the  other  on  the  same  pAper  lf» iiOl,  N* aW> ^Att 
these  are  printed  the  machine  altera  Iteeff  td  N^"  !t^  N<>^3,  dfti 
N<'2Q2,  N«202  f  and  in  printmff  these^  the  tvpes  agtOii  ebai^ 


toN*3,N*3>  ahdN»»B,N*203.  The  date  and  the  m*4 
London  asre^cast  in  stereotype,  and  each  madiine  is  tetaMM 
widi  one  of  these  fbr  every  day  in  the  year,  and  tbty  df  cboM 
lure  changed  every  day. 

The  Bank  of  England  has  upwBMis  of  forty  of  thetae  noh 
chines,  ti^e  greater  part  of  wliich  nte  in  constant  ttse.  It  was 
formmy  considered  sufficient  labom*  for  each  derk  to  11  up 
the  number  tvace  repeated,  and  dute  twice  repeated,  400  notes 
ber  day ;  but  since  the  introduction  of  the  iliadiine,  one  ckik 
has  printed  1,900  double  notes,  which  are  equal  td  3^ 
^ngle  ones ;  for  thotq;h  in  tli^  n^achine  the  double  hbtes  i6 
hot  require  more  labour  than  single  ones,  yet  to  fill  up  the 
blanks  by  writing  would  occupy  twice  the  time. 

The  meichAnlsm  b^  ^hich  this  is  effected  is  extremdjr 
&igeniou8»  tod  the  prmciple  is  hot  limited  to  l!he  numberii^ 
61  notes^  but  is  equally  a^plicabte  td  the  purpose  of  printit^ 
any  series  o^numbera  which  require  continual  alteration.  We 
have  represented  one  of  thesis  oaachlnes,  which  Is  not,  lunr- 
^ver,  precisely  the  same  as  i!hose  in  use,  being  ohly  it  sii^ 
hue,  and  adapted  Icfr  printing  one  ndte  at  onte  ^  but  'we  hm 
onhr  to  suppose  it  extended  to  twice  the  length,  and  IVnnlAM 
with  a  double  set  of  typefs,  in  order  to  fit  U  (br  prhitinj^fim 
incites  at  the  same  time. 

In  fig.  305,  a  penpectiTe  riew  of  this  maclund  will  betbun^.'and  a  secfioQ 
of  ita  parts  at  ng.  304,  in  both  of  which  the  same  letters  of  lefeiwtcc  vt 
employed.  A  solid  j^see  of  mahofuy,  A  A,  fonas  the  bate  of  the  n^ 
•hine,  and  to  this  two  iron  plates^  B  B,  are  screwed,  forming  the  sides  oft 
box,  the  front  of  which  is  rttoored  in  fig.  806,  to  Exhibit  the  iatarikn'.  led 
the  back  is  concealed  between  the  mechanism.  Abross  this  boran  toa$,^ 
is  placed,  ha?tn^  its  pirots  fixed  into  sockets  which,  are  fiisCeto6d  in  tift  nSes 
of  the  frame,  as  is  evident  from  die  figure,  'fids  axis  cai^ries  the  tnipttl^ 
%rfatch  gives  the  pressnre  to  priat  off  the  note  ^dla<fted ^  »  by  Oiimi^  Wt 
k  leTer,1P,  is  also  fixed  to  the  am,  fay  ivfaich  tiie  operatar  fi»re»dd«ni  the 
tjrmtian.  Tko  movable  jtyp^,  in  whioh  the  prindpal  novel^  of  the  ioTcn- 
tion  consists,  are  fitted  into  a  series  of  brass  circles,  mdonted  upon  sn  m 
G,  ext^din^  across  the  centre  of  the  frame.  These  cMes  aVe  suffittsp^ 
BOihted  out  m  thepef^pective  vi^w,  by  the  tmrnertis  on  the  me^  AMi  to 
Aem;  thev  are  lenf  in  nnn^ber,  amuigad  in  t«N>  lots  Cyf  five  eaOh. 

-SMi  oncle  (shown  hiore  plainly  ^t  I,  fi^^.  304)  Is  divided  into  elina 

rrts,  and  at  each  a  nKtaagnlar  notch  is  cut,  t6-  receive  the  ty^^es  h  ^i  ^ 
5, 6,  7,  8,  9>  0  and  a  Wank  tyj$e.  Tive  of  Hhe  circles,  thns  prtntM 
beipg  placed  sfde^br  sidfe,  upon  a  ftxedaxis,  O,  onlihidi  thsy  iMH* 
ftieely,  are  sufficient  for  prititiag  any  ntnifllerlM  Mn  ^tOO^OOO ;  bttsiisir* 
tite  elfdeft  can  be  tnmed  ^bont  oo  their  vxis  lodapeDdedt  t^mtdkvim, 
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If  b^iffag  tiwm  10  the  hidkMl  poiat  of  tbe  circle,  which  is  the  lituatioa  in 
rahktt^am  to  be  irfaeed  whmi  «&  imprewioB  islo  be  taken.  This  will 
be  mon  emiy  vndealood,  tf  w»ooii9i4er(het  tbe  bnes  pUte  which  ooren 
Ibt  andv  is  pit  on  kspkn^m represepted  in  fiff.  '30i,  M  e.    This  base 


pbie  his  two  mpertnres  through  il^  to  feceive  the  two  seiies  of  Xf^m 


wMeh  psi^  np  a  litOe  above  its  mrftoa  when  ai  the  bi|^est.    In  fig  905, 
tfaisiilate  IS  leinoved  to  edliibit  the  interior  mechanisBi. 

The  cirdev  are  maie  to  revolfe  by  means' of  wheds,  H»  upon  an  axis 
CiBed  the  back  axis,  patalM  to  Ibe  axis  of  the  oirdes.  Tbe  end  of  it  is  seen 
si  I,  %.  905,  protoeting  through  the  firame,  and  it  csmes  three  of  the^eheele 
%  two  of  wbtdi  are  at  the  same  dirtanoe  apart  as  the  two  series  of  figure 
ciidei  to  which  ther  ap^ ;  the  third  wheel  is  placed  at  an  intermediate 
liHaum  between  the  other  two,  and  is  acted  upon  by  a  catch  or  paUet  A, 
Ig.  304,  attached  to  the  axis  of  thetvmpan^  by  means  of  a  joint,  in  sneh  a 
minnerthat  HwjH  strike  againsi  the  faidiest  tooth  of  the  wheel  H,  and  tom 
H  vonnd  one  tooth.  When  the  handle  is  lifted  up  rather  b^rond  the 
pSfpcm&olar,  a  stop  e,  fie.  305,  upon  the  axis,  meetiag  a  projeciioii  tf, 
iK.'SOi,  on  the  cover  of  the  box,  prsTents  it  firom  moving  fiurther;  but 
when  the  handle  is  returned  down  the  position  of  the  fig.  304,  the  pallet^ 
tengh  it  agam  meets  ^e  tooth  of  the  wheels  gives  way  upen  its  joints  and 
passes  by  without  moving  the  wheel*  In  this  maoner  it  will  be  seen,  that 
cveiy  me  the  handle  is  pressed  down  to  takean  impiessaon,  in  raising  it  im 
again toplacea fresh |Miper upon  6te  tympan,  the  pcdiet mores  the wmIs H 
one  toodSy  and  as  the  tem  of  these  wheels  engage  tbe  teeth  of  Che  figure 
drdes,  a  similar  motion  is  communicated  to  tMin,bfinging  a  fresh  number 
beneadi  the  tympan,  ready  <»r  priaitinff* 

It  is  Id  be  i^wenred,  <bst  the  wheek  U  are  of  suob  m  iUokness,  as  to  en* 
gage  only  one  of  the  Ave  ttpe  ciieles  at  once,  and  their  distance  from  each 
other  b  soc^that  they  ta|Le  the  same  circle  in  the  one  series  as  they  do  in 
dte  odker.  How,  by  moving  the  back  axis  a  small  quantity  endwise,  it  is 
obvious  that  the  wheel  H  can  be  brouflbt  to  act  upon  ainf  of  the  five  eirdes,. 
or  be  pUu^  in  such  a  position  as  to  be  dear  of  them  all.  It  is  for  this  pvr- 
Mse  t&t  die  head  ^  fig.  305,  comes  throng  the  frame  of  the  machine ; 
ibr  by  means  of  dus  the  axis  can  be  moved  on  end,  and  hy  proper  marks 
vpon  it,  it  may  be  set  to  any  of  the  five  cirdes.  In  these  positfon$  it  is  ooa« 
ned  I7  aseundrcalar  dip,  wbidi  enters  grooves  turned  rotmd  on  the  axj», 
aod  deprives  it  of  longitqdinal  motion,  unless  when  the  dip  is  raided, 
fids  can  be  done  by  a  nut  coming  through  the  back  of  the  wame  at  K^ 
%.  304.  It  has  a  shoit  lever  on  te  inside  of  it,  which,  when  the  nut  is  tumtd 
namd,  nises  up  the  dip,  and  releases  the  axis  while  it  is  set  to  the  required 
eMi,  and^ie  cRp  bet^  lei  fidl  into  die  proper  groove,  eoi^es  it  from  any 
ftidiar  motion. 

In  Older  that  all  the  drdes  may  stop  at  fhe  exact  point,  when  the  fivure  . 
is  at  the  highest,  and  consequently  when  tbe  surfrtce  of  thd  figure  will  be 
berizontad,  an  asgnlar  notch  n  made  on  the  inside  of  the  figure  cirdes, 
in  the  intermediate  spaces  between  eadi  figure ;  and  at  the  lowest  points  of 
the  drde  €»  frj;.  304,  a  movable  pin  is  fitted  into  the  fixed  axis,  with  a 
ipfin^  whidi  gives  it  a  continual  pressure  downwards.  Tbe  end  of  the  pin 
is  iDtmed  spherical^  and  well  polished,  so  that  vdien  die  drde  is  turned 
mood  itis  mrced  into  its  hole  m  the  axis ;  but  when  another  notch  in  the 
dfde  fKMnts  itself  the  fin  presses  out  into  it.  and  retains  die  cirde  vrith 
amddeipte  fiwoe  in  its  propor  poution,  until  the  raising  of  the  tympan,  a» 
hdnt  deacribed,  overcomes  the  resistance  of  the  pin,  and  turns  the  drale 
nood.    By  thii  contrivance  the  types  always  arrange  themsdvet  into  a 
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tftTmightline>  ader  being  tamed' itmnd,  without  whiA  the  impceMioa  w^di 
hare  a  rery  disagreeable  and  irregular  appearance.  The  tympaa  E^  %. 
804,  is  composed-  of  twa  parts;  a  solid  brass  plate,  agabst  which  a  few 
folds  of  cloth  are  placed  aira  secured  by  the  secoiid  part,  whidi  b  a  bnss 
frame  covered  with  parchment,  and  attached  to  the  nrmer  by  ioor  laews, 
two  of  which  appear  at//,*  in  fig.  905. 

The  brass  plate  of  the  tympan  is  fiMlened  to  the  leaf  L,  fig.  904,  fnj/KX* 
ing  from  the  axis  by  means  ot  six  screws.  Two  of  these,  only  one  of  whidi, 
k,  can  be  seen  in  the  figure,  tend  to  threw  the  t«m|»aB  from  the  leaf;  while 
the  other  four,  which  are  arranged  one  on  ea(»  side  as  the  two  fonnr, 
draw  the  tympan  in  and  leaf  together.  By  means  of  these  screws  the  act- 
ing in  opposition,  the  tympan  can  be  adjusted  so  as  to-  fell  exactly  paialiel 
upon  the  type,  and  conmnuiicate  an  equal  pressure  to  all  paiCs  of  the  Mp«r» 
wnidi  is  ^held  against  the  tympan.  by  means  of  a  irisket  of  partWat 
stretched  oea  frame  which  surrounds  the  tympan,  and  is  moTafalf  on 
joints  at  ft  ik,  fig.  305w  The  firisket  is  cut  dirough  as  is  tepreaanted  byib* 
shaded  parts  in  fig.  805,  in  order  to  expose  the  paper  where  it  is  to  rtcmt 
the  impression  of  the  figuras^And  the  No.  before  the  figuies,  and  also  the  m- 
pression  of  the  date,  year,  and  plaoet  The4ype  for  these  are  ibnned  ia 
stereotype,  and  fastened  down  upon  the  surfikee  of  the  brass  cover  a,  the 
piece  containing  the  day  and  month  being  changed  erery  day.  In-  order  to 
find  the  proper  position  whidi  the  paper  should  occupy  upon  the  tympw, 
two  fine  (Hnraie  fixed  to  prefect  from  it,  and  are  recent  mto  holes  laade 
in  the  brass  cover;  two  dots  are  printed  upon  the  note  from  the  copper- 
plates^ and  the  pins  beinff  put  through  at  these  dots^  ensure  the  figures,  fcc 
coming  on  their  proper  (Saocs. 

The  maimer  of  usbg  the  machine  is  as  follows :  suppose  the  hojck  aiii 
put  so  far  on  end  as  to  be  detached  firom  all  the  circles ;  the  fiffure  drcks 
arranged  by  hand>  so  that  the  blanks  are  ail  uppermost ;  and  the  pro(»er 
stereotypes  put  in  for  the  date.  The  back  axis  is  tnen  first  set,  so  that  its 
wheels  H  may  take  the  first  fire  circles  towards  the  right  hand,  and  by 
moving  the  handle  dowa  almost  to  touch  the  type,  and  returning  it  up 
again,  the  pallet  moves  the  wheels  H,  and  turns  tlie  two  right-hland  drdei, 
bringing  up  figure  U  The  clerk  now  inks  the  type  with  a  printer*!  ball, 
opens  Uie  frisket  sheet  L,  fig.  305,  on  its  hii^a^  and  places  the  nott 
(already  printed  oa  the  copper-pUte  press)  against  the  tympan,  the  proper 
place  being  determined  by  the  two  pins,  and  the  dots  printed  on  the  note, 
as  before  mentioned.  He  now  shuts  up  the  frisket  sheet,  in  order  te  coo- 
fine  the  paper  and  keep  it  dean,  except  in  the  places  whore'it  is  to  be 
printed ;  then  by  pressing  down  the  handle  F,  the  impression  is  given ;  sod 
on  lifting  it  up  again  it^noves  the  circles  and  brings  up  iigure  2.  The  note 
is  now  removied,  a  firesh  one  put  in,  and  so  on,^  the  flgiue  always  rhwflrt 
every  time. 

During  this  operation  the  two  ri^t-hand  cirdea  act  as  units,  and  advance 
one  each  time ;  when  0  are  printed  m  this  manner  and  0  comes  up,  the  handle 
is  mo^ed  twice  successive!^  without  printing,  which  brings  up  a  blank  and 
then  a  K  The  badi  axis  is  moved,  to  act  upon  the  second  circfe  upon  the 
liglit  hand;  which  now  becomes  the  units,,  die  first  drcle  representing  teoi; 
by  moving  the  handle  a,  without  pniuing,  figure  1  in  the  second  circle 
comes  up,  making  11,  the  next  time  12,  and  so  on^to  tO.  The  first  ciide 
is  now  put  forwards  by  hand,  bringing  up  t  and  0,  on  the  second  20,  thea 
moving  the  handle  to  pass  the  blank,  produces  21,  22,  &c.  to  30,  when  the 
first  drcle  is  again  advanced,  bringing  up  4  ;  in  this  manner  the  busioe^i 
proceeds  to  99.  The  back  axis  is  now  shifts  to  the  third  drde,  which  be- 
liome&ttniu,  the  second  tens,,  and  the  third  hui^dreds;  the  Oand  blank  of 
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if^iA  wrt  adftneed  to  brinf  op  1, 0  is  bnmght  up  in  the  saoond;  and  the 
■aduoe  itself  bringt  up  0  in  the  thiid ;  after  printing  thisitchangt.-:!  to  101. 
IV  procen  now  oontinnes  through  the  sueecssife  hundreds  in  the  same 
BHuner  as  before  till  M9.  The  back  axis  is  now  shifted  to  the  fourth  circle, 
and  the  three  first  mnst  be  adranced  hy  hand  when  they  require  it.  At 
9999  the  hack  axis  is  shifted  to  the  fifth  circle,  and  it  will  serve  to  999,999,^. 
bejond  which  it  b  not  required  to  print. 


PILE-ENGINE. 

Trb  pile-engine  is  a  machine  bv  which  piles  are  driveM 
into  the  ground  for  the  fbnndation  of  the  piers  of  bridges^  and 
farions  other  structures. 

The  method  of  driving  a  pile  coiuusts  in  drawing  up  a  Ver^ 
faeary  w^ht,'  called  a  ram  or  hammer,  and  by  disengaging  it 
bom  tfie  machinery  by  which  it  was  nused,  letdntf  it  fall,  by 
the  force  of  gravity,  upon  the  head  of  the  pile.  In  the  most 
Ample  machines  the  weight  is  drawn  up  by  men  puUinp^  a 
eofd  over  a  fixed  pulley,  and  when  it  has  attained  a  sufficient 
hd^t  allowing  the  cord  to  slip  from  their  hands,  which  per- 
mits the  weight  to  descend  with  considerable  force.  The  two 
best  jMle-engines  that  we  have  seen  are  those  invented  by 
Mr.  Vaulou^  and  Mr.  S.  Bunce.  • 

Hr.  VauloQ^t  pile-engine  may  be  thoa  described.  A,  fig.  306,  is  a  great 
upright  shaft  or  axle,  on  which  are  the  great  wheel  B,  and  the  drum  C, 
turned  by  horses  joined  to  the  bars  S  S.  The  wheel  B  turns  the  trundle  X, 
on  the  tc^  of  whose  axis  is  the  fly  O,  which  serves  to  regulate  the  motion,  as 
weO  as  to  act  against  the  horses,  and  to  keep  them  from  fidling,  when  the 
heavy  ram  Q  is  discharged  to  drive  the  pile  P  down  into  the  mud  in  the 
bottHB  of  the  river.  The  dram  C  is  loose  upon  the  shaft  A,  but  is  locked 
to  the  wheel,  B,  by  the  bolt  Y.  On  this  drum  the  great  rope,  H  H,  is 
VQvnd ;  one  end  of  the  rope  being  fixed  to  the  drum,  and  the  other  to  the 
foUower  G,  to  which  it  is  conveyed  by  the  pulleys  I  and  K.  In  the  fol- 
lower G  is  contained  the  tongs  F,  that  take  hold  of  the  ram  Q,  by  the 
tt^  Ry  for  drawing  it  up.  D  is  a  spiral  or  fosee  fixed  to  the  drum,  on 
which  is  wound  the  small  rope,  T,  that  goes  over  the  pulley  U,  under  the 
willey  V,  and  is  fostened  to  the  top  of  the  frame  at  7.  To  the  pulley  block 
V  is  hong  the  counterpoise  W,  which  hinders  the  foUower  G  from  ao- 
oeleiating  as  it  goes  down  to  take  hold  of  the  ram ;  for,  as  the  follower  tends 
to  acquire  velocity  in  its  descent,  the  line  T  winds  downwards  Myon  the 
fosee  upon  a  lareer  and  larger  radius,  by  which  means  the  counterpoise,  W, 
acts  stronger  and  strongejr  asainst  it ;  and  so  allows  it  to  come  down  with  only 
a  modeiate  and  unifonn  velocity.  The  bolt  Y  locks  the  drum  to  the  great 
wheel,  beittff  poshed  upward  by  the  small  lever  2,  which  goes  through  a 
movtise  m  me  shaft  A,  turns  upon  a  pin  in  the  bar  3,  fixed  to  the  neat 
wheel  B,  and  has  a  weight  4,  which  always  tends  to  push  up  the  bolt  Y, 
titfOQgh  the  wheel  into  the  drum.  Lis  the  great  lever  tumine  on  the  axis  ns 
.aad  resting  on  the  forcing  bar  5, 5,  which  goes  through  a  hollow  in  the  shaft 
At  and  b^  up  the  little  lever  2. 

Bjf  the  horses  going  rounds  the  great  rope  H  is  wound  about  the  drum  C^ 
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and  ftie  Km  Q  ii  drawn  u^  bv  the  ttt^di  F»  in  the  ft4k>««rOtiinliliii 
<ong9  come  betweea  the  ineliQed  planes  t,  wkich»  fagr  Anttios.^  tptpta^ 
the  top,  opens  it  at  tlie  foot,  aod  4|f  ohai^fei  the  m9*  whkh  fiidledevia  be- 
tween the  guides  b  b,  upon  the  pile  P,  and  dritei  it  bgr  a  €ew  ttaeoket  u  &r 
into  the  mod  as  it  will  go,  after  whieh  the  top  part  is  sawed  off  dose  to  tk 
mnd  by  an  engine  for  that  purpose.  Immediately  after  the  ram  is  dischai|A 
the  piece  6,  upon  the  follower  G,  takes  liold  of  the  ropes  u  «>  which  nim 
the  end  of  the  lever  L,  and  causes  its  end,  N,  to  descend  and  press  down  the 
•forcing  bar  5,  upon  the  little  lever  %  vhicii,  by  pulling  down  the  bolt  T, 
unlocks  the  drum  C  from  the  great  wheel  B,  and  then  the  follower  being  at 
liberty  comes  down  by  its  awn  weigjA  to  the  tam,  and  tlte  lower  ends  of 
the  tongs  slip  over  the  staple  R,  and  the  weight  of  their  heads  causes  tlteiB 
to  iaH  oufwwd  otid  shot  upon  it;  .Then  the  weight  4  pn^ies  \u>  the  bob 
Y  iflto  the  dmm,  whieh  Mis.it  to  the  great  wheel,  and  so  the  an  ii 
drawn  up  as  before. 

As  the  follower  comes  down,  it  causes  the  drum  to  tnm  backward,  u^ 
unwinds  the  rope  from  it,  whilst  thehon«Bs,  great  wheel,  trandle,  and  ^,  p 
on  with  an  vninterrapted  melion ;  amjl  as  t\i  dmm  is  turning  backward, « 
coanterpoiie,  W,  is  drtmi  up,  and  its  rope  T»  wound  upon  the'^ini 
IhaeeD. 

There  ace  several  holes  in  the  under  side  of  the  drum,  atad  the  bolt  Y, 
always  takel  the  first  of  them  that  it  finds,  when  the  drum  stops  by  the  ftUing 
of  the  follower  upon  the  ram ;  vntit  which  stoppage  the  boH  has  not  titaisti 
slip  mto  any  of  tae  holes. 

The  peculiar  advantages  of  ti^is  en^ne  are,  that  the  weigbt 
iCalled  the  ram,  or  hammer,  may  be  raised  with  the  tnst 
force ;  Aiat  when  it  is  raised  to  a  prv^>er  height,  it  readly 
disengages  itself  and  fihUs  #ith  the  utraort  fre^oa ;  tibal  the 
forceps  or  ton^  are  lowered  down  speedily,  and  mstandy  of 
themselves  agam  lay  hoI4  of  the  ram  and  lift  it  tip. 

This  engine  was  placed  upon  a  barge  on  the  watef^  and  flo 
was  easily  eon^ycd  toany  place  desired.  The  ram  was  a 
ton  weight}  BjbA  the  gmdes  hiKby  which  it  was  let  fall  wert 
30  feet  h^   ' 

Figs.  307  and  W$  represent  a  8i<|e  and  front  section  of 
fiu9$/l:e*s  pUe-engina, 

The  chi^  parts  ate  A,%.  307,  whidi  are  two  endless  ropes  or  dniss, 
jeoDDected  by  cross  pieces  of  iron,  B,  (fig.  308,)  conresponmng  with  two 
>sross  grooves  diametrically  oppc^tte  fu  the  #heel  C,  (fig,  307,)  into  wWch 
^hey  are  teceived^  and  by  which  means  the  rope  or  chain  A  is  carried 
ropnd.  F,  H,  K,  is  a  side  view  df  a  strong  wooden  frame  movable  on  tk 
ans  H.  D  is  a  wheel,  over  Which  the  cham  passes  and  turns  within  at  die 
iop  of  the  frame.  It  moves  occasionally  firpm  P  toO,  upon  the  centre  H,  and  ii 
kept  in  the  position  F,  by  the  weight  I,  fixed  to  the  end  K.  In  &^,  SW,  L 
is  the  iron  ram,  whidi  i^  connected  with  die  cross  pieces  by  die  hook  wl 
K  is  a  cylindrical  piec^  of  wood  suspended  at  the  hook  at  O,  whidi  by 
^^ding  freely  up  the  bar  that  cotineots  the  hool;  to  the  ram,  always  briMS 
'|he  hook  upright  upon  the  chain  ivhen  at  the  bc^tom  ofthe  madoAe,  m  & 
|>osition  ofG  P :  see  fig.  307. 

When  the  maa  at  S  turas  the  usual  crane^wotlL,  ^e  ram  being  oonnected  to 
d^  chain  and  passing  between  thu  guidei^.isdmwn  up  in  a  pirpendletiv 
4iraction,  and  when  it  Is  neaf  the  topof  the  machine  Oie  project^  lirQ, 
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ffthebook^ftAasagaiaita  trals  viflce  of  w«od  at  E>  ^g»  3ar»  ^od  cm^ 
n^Mody  diiAtfgct  the  nm;  mtM  the  vei^  I  of  the  nROvable  Iramt 
■MaBlhramiB  the  upper  wheels  into  the  potitioii  «ho«ii  at  F,  wd  Mejif 
Ihednoii  fi«e  ofthe  nra  in  its  ^MQent.  the  hookt  while  d^fiep^in^^  is 
mveitcd  ftem  oatdinig  the  chain  hy  the  woodea  piAoe  K;  far  that  piegt 
M|  speoifiQally  li|^ter  jthan  the  inm  weight  hdcHi,  and  qioying  with  a 
Iw iegieeof  veiooity»oannol  oom^i  into  contact  wiOi-the  'wm  tiU  it  i«  at  the 
btiieM^  the  mm  steps.  it^thentUlSt  aad  again  KsmneM  the  h(Md»wil^ 
As  cbalm  wfaidi^liaws  np  the  nun  as  hefore* 

h  tliis  mafib^ne^  ^  wdl  ^  VaMlou^'s,  |^  potion  of  tb^ 
int  whed  b  interntpled,  «o  iba|  wy  Uttte  lum  is  ImI  19 
Ae  tiperadon;  vfitih  a  iliji^  altorttioA  it  might  be  made  to 
iwk  irHb  horses.  It  Jias  the  advantage  over  Vai^loud's  en- 
poe  in  point  of  simpUcily;  it  xmY  bi&  odginally  constructed 
i(  kss  expense^  and  i»  iMvt  so  mJk  tQ  he  d^W^*  .  Both» 
hewefcr,  are  ingenious  perionnaaoea)  and  past  of  Aeir  oon* 
Btroction  mixbt  be  adyaaiageously  intro^ui^d  into  other 
oiackines^ 


fiOBING  MACHINE. 

Ths  boring  macMne  4b  empl^ed  for  ^boAnff  woodea 
pipes  for  th^e  conv^^ivnce  of  'water,  and  for  boring  out  the 
metalline  cyUpders  used  in  hydraulics^  apd  m»  pneumatijc 

Tbeold  and  comwon  metliod  of  boriiig,  ia  to  have  a 
horizontal  axis  turned  round  by  a  miB,  at  the  tM  of  wfaicb 
a  borer  is  ized,  and  the  cj^inder  is  festened  down  upon  a 
carriage,  pUding  in  a  tfreoHftn  pwrriW  1»  its  aads,  and  drawn 
ibrvarda  to  the  borer  bf  thedflseeot  of  a  i^eight.  The  ob- 
JecSon  lo  this  method  is,  that  fny  deviation  from  a  iwtMineal 
motion  in  the  c^aj^^  wfll  be  transferred  to  the  cylinder, 
««dcansei(ttobecrQ<*94;  awd  t^  O^e  ureij^t  Qf  the^orejr 
sad  ils  asQS  acting  eo  tbd  to^wr  aide  only  of  the  cyhnder, 
Okises  it  to  out  away  more  at  that  part,  and  render  the  metd 
of  the  cylinder  of  nneqqal  thickness.  This  enfl,  howeive?^ 
iwi,  ^  some  ,moasm^^  obvii^ted  by  »  contrivsixjc  of  Mr. 
Joto  Swflrton.  which  wi»  ^  Iteel-jrart 
Ue  wheel  carriage,  running  within  the  cylinder.  By  suspaml- 
%  «e  wdght  Sff  the  cutter  md  boriB^4>ar  fiom  it,  the 
mMihine  w||s  much  improvedj^  though  stiH  very  in^eifect. 

A  boriag  naehine^ihr  me^l  ^Ujadew*  ^lhi<*  is  wfl  Uahle  to  anjr  ff 
ii^SMwaioferror,  iscM«rtiwHirfin^«an^  ^^\-^^^t!^ 

fCMitife  nnr  el  thenadbsae  in  the  aeliQa^  hanng  oat  a  ^hA4sr4»r 
the  ti^  ifswe  i9plaia  the  oaPVtiap^A  oi  00  fi^asd 


Digitized 


by  Google 


319  TBB  OPXRATIVS  MKCHANfC 

mn  drawn  to  a  scale.  In  fig.  314,  A  A  denote  two  oak  graand  Aj 
whi^  are  firmfy  bolted  down,  parallel  to  each  other,  upon  dei^pen  let  isto 
the  ground.  At  eaeh  end  of  ttieae  a  vertical  iron  fiame,  Bfi,ia  erected,  lo 
•npport  the  pdgeoas  at  the  end  of  a  long  ^indrical  azit,  D  D,  which  ii 
tamed  round  by  the  mill.  The  cylinder  L  L,  whidi  is  to  be  bosed,  is  fiied 
immoTable  o?er  the  bar,  and  exactly  concentric  with  it.  A  piece  of  cut- 
iron  K  K,  LL,  (fiffs.  810,  81S,  and  313,)  called  a  cutter-bead^  slides  imoa 
the  axis,  and  has  nied  into  it  the  knires  or  stealings  ///,  which  pedon 
the  boring.  This  cutter-head  is  moved  along  the  bar  oj  machinery,  to  be 
hereafter  described ;  b^  means  of  which  it  is  drawn  or  ^^rced  thran|^  the 
cylinder,  at  the  same  time  that  it  turns  round  with  the  axis  D.  TSut  steel 
cutters  win  necessarily  cut  away  any  protab^rant  metal  whkh  pro^eds 
arithin  the  ^lindev^  in  the  .circle  whidi  mj  describe  by  their  motion,  bet 
omnot  possibly  take  any  more. 

The  cylinder  b  held  -down  upon  an  adjustable  framing,  which  is  read/ 
adapted  to  reoeiTe  a  cylinder  or  any  size  within  certain  umtts.  Pieces  « 
iron,  £  £,  are  bolted  ^wn  to  the  ground  siUs,  haTia{^  grooves  ftreogb 
them  to  receive  bolts,  whinh  &sten  down  twohorixontal  pieces  of  cast-ina 
F  F,  at  ijght  anffles  to  fhem.  These  horixontal  pieces  support  (bur  moyable 
upriffht  standards  GO,  which  include  the  diameter  of  the  cylinder  LI^ 
Which  is  supported  upon  blocks,  6  &,  below,  and  held  &st  b^  iron  bands  as, 
idrawn  by  screws  in  the  top  of  the  ititidaidt  GG.  The  (nrtinder  is  adjusted, 
to  be  concentric  with  the  axis  D  D,  and  held  firmly  in  its  place  hj 
means  of  wedges  driven  under  the  blocks  tSid  the  standards. 

To  explain  the  mechanism  by  which  the  cutters  are  advanced,  itf 
must  refer  to  figs.  311,  312,.  and  313,  by  the  inspection  of  whidi  it  wiH 
li^'seen  thait  the  axisDDis,  infiMct,atid)eofoas^iroo,hoUow  thioashdaL 
It  is  durided  by  ji  longitudinal  ap^rtvre  e  c,  fig.  310,  on  each  side.  At  die 
jends  of  it  is  left  a  cpmplete  tube,  to  keep  the  two  valves  together.  The 
i(»itter-head  K  K,  L%  consists  of  tiro  parts;  of  a  tube  R  fitted  upon  the 
«xis  D  with  the  greatest  accuracy,  and  of  a  cast-iron  ring  LL,  fixed  upoa 
K  K  by  ibar  wedges.  On  its  circumfeience  axe  eight  notches,  to  receive 
Ahe  cttttexf  or  stedings  ff,  which  are  held  in  and  adjusted  by  wedges. 
ThiD  slider  H  is  kept  from  slipping  round  ivith  the  axis,  by  means  of  two 
short  iron  bars  g  f ,  which  are  put  throurii  to  the  axis,  and  received  into 
notches  cut  in  the  ends  of  the  sKders  R  K.  These  bars  have  holes  in  the 
middle  of  them  to  permit  a  bolt  at  the  end  of  the  toothed  rad^  L  to 
pass  through.  A  kev  is  put  tfarouah  the  end  of  the  bolt,  which,  at  die 
same  time,  prevents  the  rack  being  drawn  back,  and  hohls  the  cross  bets 
#  e  in  their  places.  The  rack  is  moved  by  the  teeth  of  a  pinion  N,  and  is 
kept  to  its  place  by  the  roller  O;  the  axis  of  the  pinion  and  roller  being 
supported  in  a  framing  attached  to  tiie  standard  BB,  as  shown  in  a  pet- 
jpectiveviewof  the  machine  in  fig.  314.  The  pinio^  is  ^uoed  roondby 
a  lever,  pot  upon  the  square  end  of  the  axis,  and  badad  with  the  weirti 
P,  that  it  may  have  a  constant  tendency  to  draw  the  cutter  through  the 
'  pylioder.  This  lever  is  capable  of  being  put  on  the  square  end  of  tbe 
Mis  pither  way,  so  as  to  fierce  the  rack  bade  into  the  -cylinder  if  neees- 
•arv.  '^ 

In  some  boriiw  machines,  a^otlier  contrivance,  smperior  perhaps  tp  wbst 
are^  have  now  described,  is  employed  to  draw  ^e  cutter  ^hroogh  the 
grlinder.  It  consists  of  four  small  wheels,  one  of  whidi  is  fixed  at  tbe 
Mit4iand  extremity,  D,  of  the  barDD,  fig.  814.  Another  phiioii  is 
nstened  on  the  extremity  of  an  axis,  analogous  to  the  mk  M,  ta^  ift 
pta  other  extremity  a  small  screw,  which  works  in  a  fenaile  aeraw,  Md  ^ 
fh^  pittar  R  R  at  a,  fig.  310.     Belo^ir  the  secgnd  pinion  if  another,  ^on- 
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iIm  same  niniber  of  teetby  and  fixed  on  a'  boriionUl  axit  n^ 
nllel  to  D  D.  At  the  other  end  of  this  axis  is  a  fourth  pinioDy  whicfais 
dnwn  bj  the  first  pinion  at  the  end  of  the  hollow  axis  D  D.  The  first 
pinion  lias  twenty-six  teeth,  the  fourth  Uiirtj,  -and  Uie  seoond  and  third 
may  hare  any  number,  prorided  they  are  equal.  As  the  axis-  D  reroWes, 
the  first  pinion  fixed  on  its  extrenuty  draws  the  fooith,  which  by  means  of 
tiie  third,  fixed  on  the  same  axis  with  it,  giyeB  motion  to  the  second.  The 
second  pinion  being  fixed  to  an  axis  within  D  D,  unscrews  the  screw  at  its 
olhe^  extremity,  and  of  course  makes  the  cutter  ad?ance  alons  the  cylinder. 
This  screw  has  eight  threads  in  an  inch,  and  sixty  turns  of  the  axis  are 
requiied  to  cut  one  inch. 

To  introduce  a  cylinder  into  its  place  in  ^e  machine,  it  is  necessary  to 
remove  the  upper  oraces,  liy  of  the  bearings  upon  the  standards  BB; 
and  by  supporting  the  axis  upon  blocks  placed  under  the  middle  of  it,  the 
•tandard,  with  the  pinion  N,  and  roller  frame,  is  remored  by  taking  up  tlie 
nuts  whidi  fiuMten  it  to  the  ground  sills  A  A,  the  rack  M  being  supposed 
preriously  withdrawn.  A  cutter-biook  L,  of  aproper  size  to  bore  out  the 
Intended  .qFlMider,  is  now  placed  upon  the  slider  K,  %.  31 3»  and  wedged 
4«t  The  cotter-head  is  then  moved  to  the  iarther  end  of  the  axis,  and 
ihe  cjhnder  lifted  into  its  place.  The  standard  B  is  retomed,  and  the 
whote  madiiae  brought  to  the  state  of  fig.  314,  the  cylinder  being,  by 
estimation,  adjudged  concentric  with  the  axis  D.  Two  bars  of  iron  are 
now  wedged  into  the  e  e  in  the  axis,  and  applied  to  the  ends  of  the 
^tinder;  while  the  axis  is  turned  round  diey  act  as  oompasses  to  ploye 
the  concentricity  of  the  cylinder.  Small  iron  wedges  are  drawn  round  its 
cytinder  to  adjust  it  wi^  tl^  utmost  acciuracy;  ami  in  this  state  the 
cylindCT  is  ready  for  boring. 

The  next  operation  is  felUng  the  cutters^  \irliich  ar? 
fietfteoed  into  tfie  block  L  by  wedgies,  and  acQusted  by  turn- 
ing the  axis  round,  to  ascertain  that  they  all  describe  the 
same  circle.  The  boring  now  commences  b]r  putting  the 
mill  and  axis  in  motion,  and  the  machine  requires  no  atten- 
tioo,  except  that  the  weight  P  is  lifted  up  as  often  as  it 
descends  oy  the  motion  of  the  cutters  or  steelings.  When 
the  cutters  are  drawn  down  through  the  cylinder,  they  are 
set  to  a  circle  a  small  quantity  larger,  and  returned  through  the 
cylinder  a  second  time.  For  common  work  these  operations 
are  sufficient ;  but  the  best  cylindeni  are  bored  many  times, 
m  order  to  bring  them  to  a  proper  cylindrical  sur£ace.  The 
last  operation  fs  turning  the  flanch  n  of  the  cylinder  per- 
fectly flat,  by  wedging  a  proper  cutter  into  the  head.  This 
is  of  great  importance  to  ensure  that  the  lid  will  fit  j^erpen- 
dicnlar  to  the  axis  of  the  cylinder.  The  c^inder  is  now 
finished  and  removed. 

The  accuracy  of  this  machine  depends  on  the  boring  bar,  , 
DDybeii^^  turned  upon  it^  own  gudgeons ;  and  if  it  is  turned 
to  the  same  diameter  tlmmghoiity  it  will  certainly  be  per- 
fectly stndgfat.  WhHe  the  axk  is  in  the  operation  of  lu»^ 
in^  a  piece  of  hard  wood  should  be  fitted  into  the  grooves 
pi  the  cylinder.     The   slider  K  is  first  bored  out,  an4 
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possible. 

The  fltoviimi  of  s  nill  fSQpvr  fo  viowiig  two  of  thesf  madkioa^  9 
jiprwtid  in  %.  SIO.  Ths  pinion  30  ii  pifjgMm  to  l>e  on  tbe  uis  of 
a  waAtoMmhaAf  and  tWM  ths  two  vbeoU  ^  ^^  winch  have  piojectiiig 
MCBy  widi  a  ciMi  cat  luoilAr  to  the  head  pf  a  scscwy  ac  i«  shown  in  tkt 

9SIUC 

The  ends  of  fhe  boring  axes  hare  rimilar  notches^  aad  lif 
putting  keys  in  between  them,  the  motion  may  be  comma** 
oitatoS  or  Aseootiaued  at  j^ieaAune,  by  the  remoyal  of  dte 
key. 


FILE-CUTTING  MACHINE, 

Thbrb  have  been  yarious  contrivances  for  this  pnrpose; 
Imt  the  best  we  ave  acquainted  with  is  described  in  th^ 
TVansactians  cf  theAmtriean  PhUotophioai  Soeieij^  and  k 
as  follows: 

AAAA,  %  8I5»  is  a  hwA^  of  aiasos44  oak,  the  fiic^  of  iHiid 
is  plawd  veiy  teooth.  BBBB  the  feat. of  the  bench,  which  AoM 
he  lobataatiar  GC  C  C  the  csniafs  on  which  the  files  ate  laid,  wfaidi 
moTCs  along  the  fi^e  of  the  bench  AAAA«  paialUd  to  its  sides,  aad 
carries  the  files  gradoally  under  the  edgje  of  the  cutter  or  diiael  Bfif 
while  the  teelb  axe  cot:  ^carriage  is  made  to  moye  by  a  ceotn- 
inuioe  somewhat  simian  to  Ihat  w^nctk  caviea  the  log  aflainst  the  itw 
«f  a sasvHDiU>  aawaU  ba  inoi«  par^solsiigr  described.  DDDaxethne 
«ion  rods  inserted  into  the endii  of  the  carriage  CCC  C,  end  passing  throo^ 
the  holes  in  the  studs  £  £  £»  which  ase  screwed  firmly  a^nst  the  ends  of 
the  bench  A  A  A  A,  for  directing  the  course  of  the  carnage  CCCC,  pa- 
Tallel  to  the  sides  of  the  bench.  FF  two  «pri^  piUara^  mortised  iaij 
<Mo  the  besili  A  A  A  A,  Madf  .«fvidieta«t  tm  each  end  of  it»  near  the 
vdge,  sad  dnectis  epponle ,  to  each  other.  G  the  lever  or  aim  whitk 
Aarries  the  eatter  II  Ii,  (fixed  by  the  screw  I,)  and  works  on  the  centres  of 
two  screws  RK,  whieh  are  fixed  into  the  two  pillars  FF,  in  a  direction 
right  Across  the  bench  A  A  A  A.  Bj  tightening  or  leoeesaag  these  soneM, 
4be  arm  which  carries  the chisipl«urf  be  made  t»  voikaiore  or  leaa  slra^. 
JL  is  the  ce^niBting  sosw,  by  means  /efwihiAh  the  fiMs  may  bemade  coaner 
.or/inef ;  this  fcr^w  wodcs  in  a  stud  M,  which  is  Kiewed  firmly  upon  the 
tap  Kif  tiie  stud  F^  the  low^er  end  of  the  screw  L  bears  against  ^  npper 
part  of  the  arm  47.  and  limits  die  height  to  whidi  it  can  rise.  K  is  a  sted 
spring,  one  end  Of  which  is  screwed  to  tbeoter  pillar  F,  and  the  <i^ier  ad 
presses  «flainil4iS'pillanO,  whkh  iaised  npoaiheans  6;  by  its  piessne 
It  forces  we  said  arm  upwairds  until  it  meets  withJihe  regulating  acsew  JU 
P  4S  an  ana  with.a  daw  atone  end  madded  .6,  the  other  end  is  fixed  by  t 
joint  into  the  end  of  the  stud  or  pillar^,  and,  'by  the  •motion  of  tiie  arm 
tJ,  is  xbade  to  movethe  rfltch*wheel^  9his  iateb-««*iieel  bfoidaponan 
m%wUdie«rriesii'snift'trendMMai4rpiaioBuB»oa  the  appwsiisssd; 
4his4akBsiaaa  aiplaiaa^'wischiiftMsiiMiald^^^ 
aawapt^ttei»de#>h»eeyFyy  C€CC;  I7  Aims  ef  this  piece  mo^ 
as  commnnieatcd  tfi  tik  airriage<  F  is  a  damp  tot  fii^tening  onV  sai  sf 
the  fiie^Z  m  (hb  ftt^ot%^im  ^ririch  it  iltobeout*  ^Visr^''^ 
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te  or  dog  at  Ike  MfMffie  Ml,  wliwk  limi» 

iBftiUieetrmgeCCCC.  Yiaabridge,  likewise  screwed  into  the  cir- 
Qil^  duDQ^  which  the  screw  %  passes,  and  presses  with  its  lower  end 
mxnai  the  upper  side  of  the  cUtmto  V;  under  which  damp  the  other  end 
« the  file  Z  Z  IS  placed,  and  held  finaly  in  its  sitnsirion  whde  h  ia  cutttng 
Igr  the  piessare  or  the  said  danm  V.  7  TT7  is  a  bed  of  lead,  which  is  let 
into  a  cavity  fcraed  in^  body  of  the  carriaffe^  something  broader  and 
loDger  thui  the  largest  sixe  files ;  the  uM>er  nee  of  this  hed  of  lead  i$ 
finned  ▼arionsly,  so  as  to  fit  the  differant  Lmds  of  files  whkh  may  he  re- 
<Iiuied.  At  the  figures  2  2  are  two  catches,  which  take  imote  teeth  ol  tfit 
tttchwhodCfc  laprettiita.eBOoilof  itamoftion;  8  8  is  a  bridge  to  snppoit 
QDeeBd,4,ofAeaxbofliieiat^^edQ;  5  a  stud  to  support  the  other 
odof  the  ask  of  diat  wheel. 

When  the  file  or  files  are  laid  in  their  place,  the  machine  must  be  rejfUr 
lated  ta  cot  them  of  the  due  degree  of  fineness,  by  means  of  the  regulatmg 
screw  L;  which^  by  serewinff  farther  through  the  arm  M,  will  nuke  the 
ihs  inei^  and,  vice  vend,  by  unscrewing  it  a  little,  will  make  them 
coaiaer;  for  the  arm  G  will,  by  that  means,  have  liberty  to  rise  the  higher, 
vluchw^I  occasion  the  arm  P,  with  the  claws,  to  move  fiirther  along  the 
peripheiy  of  the  mtdiowheel,  and  consequently  comnnmicate  a  more 
extcnm  motion  to  the  carnage  C  C  C  C,  and  make  the  files  coarier. 

Wlien  the  madmie  is  thus  adjusted,  a  blind  man  mav 
CQtifile  with  moi«  exactness  than  can  be  done  in  the  usun 
DMthod  by  the  keenest  sight;  for  by  striking  with  a  hammer 
M.thebead  of  the  cutter  or  chisel  H  H^  all  the  movements 
IK  Bel  at  woric ;  and  by  repeating  the  stroke  with  the  ham- 
mer, tiie  files  on  one  side  will  at  length  be  cut ;  then  they 
mutt  be  tomed^  and  the  operation  repeated  for  catting  on 
the  other  nde.  It  is  needless  to  enlarge  much  on  the  utility 
(^  extent  of  this  machine;  for,  on  an  examinatbn,  it  will 
s^iear  to  persons  of  but  indifferent  mechanical  skill,  that 
it  may  be  made  to  work  by  water  as  well  as  by  hand,  to  cut 
coane  or  fine,  kurge  or  small,  files,  or  any  numj[>er  at  a  time; 
bat  it  nay  be  more  particular^  useful  for  cutting  very  fine 
smalt  files  for  watchmakers ;  as  they  may  be  executed  by 
this  machine  with  the  greatest  equality  and  nicety  imagin- 
able. As  to  the  matenak  and  dimensions  of  the  several  parts 
of  this  machine,  they  are  left  to  the  judgment  and  sldll  of 
tbe  irtiflt  who  may  have  occasion  to  make  one ;  only  ob- 
serving, that  the  whole  should  be  capable  of  bearing  a  good 
desi  01  violence. 


BAMSDSN'S  DIVIDING  MACHINE. 

Tms  tihmble  instrument  is  tiie  invention  of  Mr.  Jesse 
Bttnsden,  to  whom  the  OdmmissionetB  of  iioogitiide  gave 
ftenaofeiS/.,  upon  his  entering  foto  m  mgsgeneMt  to 
I  a  certain  number  of  persons,  not  exoeediag  ten,  in 
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the  metliod  of  making  and  nsing  this  mechin^,  in  the  ^MM5e 
of  two  years,  wty,  from  the  28th  October,  177^1  to  28th  Oc- 
tober,  1777 ;  &Uo  binding  himself  to  divide  all  sectants  mA 
octants  by  the  same  engbe,  at  the  rate  of  three  shillings  for 
each  octant,  and  six  shilliiigs  for  each  brass  sectant,  mtii 
Nonius's  divisions  to  half  minutes,  for  as  long  time  as  the 
Commissioners  should  think  proper  to  let  the  engine  remain 
in  his  possession.  Of  this  sum  300/.  were  given  to  Mr.  Sams- 
den,  as  a  reward  for  the  usefulness  of  his  invention ;  and  315/. 
for  his  giving  up  the  property  of  it  to  the  Commissioners. 

Ilie  following  is  the  description  of  the  engine  given  by 
Mr.  Ramsden,  upon  oath : 

This  engine  consists  of  a  large  wheel  of  bell-metal,  sup- 
ported  on  a  mahogany  stand,  having  three  legs,  ndudi  are 
strongly  connected  together  bv  braces,  so  as  to  make  it  pr- 
fectiy  steady.  On  each  leg  of  the  stand  is  placed  a  corneal 
friction-puUey,  whereon  the  dividing  wheel  rests ;  to  prereDt 
.the  fdieel  from  sliding  off  the  friction-puUies,  the  beU-metal 
centre  under  it  turns  m  a  socket  on  the  top  of  the  stand. 
.  The  circumference  of  the  wheel  is  ratched  or  cut  (bjra 
method  which  will  be  described  hereafter)  into  2160  tem 
in  which  an  endless  screw  acts.  Six  revolutions  of  the  srrev 
will  move  the  wheel  a  space  equal  to  one  degree. 
.  Now  a  circle  of  brass  being, fixed  on  the  screw-arbro", 
having  its  circumference  dividea  into  sixty  parts,  each  divi- 
sion will,  consequently,  answer  to  a  motion  of  the  wheel  d 
ten  seconds,  six  of  them  will  be  equal  to  a  minute,  &c. 

Several  different  arbors  of  tempered  steel  are  Irtily 
ground  into  the  socket  in  the  centre  of  the  whed.  The 
upper  parts  t>f  the  arbors,  that  stand  upon  the  plane,  ait 
turned  of  various  sizes,  to  suit  the  centres  of  different  pieces 
of  work  to  be  divided. 

When  any  instrument  is  to  be  divided,  the  centre  of  it  is 
very  exactly  fitted  on  one  of  these  arbors ;  and  the  iustni- 
meut  is  fixed  down  to  the  plane  of  the  dividing  wheel,  bj 
means  of  scrpws,  which  fit  mto  holes  made  in  tiie  radii  of 
the  wheel  for  that  purpose. 

The  instrument  being  thus  fitted  on  the  plane  of  the  wheel, 

the  frame  whidi  carries  the  dividing  point  is  connected  M 

one  end  by  finger-screws,  with  the  frame  which  carries  the 

endless-screw;  while  the  other  end  embraces  that  part  of 

^e  steel  arbor  Which  stands  above  the  instrument  to  be 

'divided,  by  .an  angular  notch  inaj^eceof  hard^iedsted; 

-l)ythia  means  botih  ends  of  the  frame  are  kjept  perfectly 

I  ist^y  and  free  firom  any  shake. 
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Use  frame  carrying  the  dividing-point  or  tracer,  is  made 
to  slide  on  the  frame  which  carries  the  endletis-screw  to  any 
distance  from  the  centre  of  the  wheel,  as .  tire  radius  of  the 
iastraiDent  to  be  divided  may  require,  and  may  be  there 
fttlened  by  tightening  two  dumps;  and  the  dividine-point 
or  tracer,  being  connected  with  the  clumps  by  the  double* 
jointed  frame,  admits  a  free  and  easy  motion  towards  or 
from  the  centre  for  cutting  the  cUvisions,  without  any  lateral 
shake. 

From  what  has  been  said,  it  aj^ars  that  an  instrument 
thus  £tted  on  the  dividing- wheel,  may  be  moved  to  any  angle 
by  the  screw  and  divided  circle  on  its  arbor ;  and  that  this 
angle  may  be  marked  on  the  limb  of  the  instrument  with  the 
greatest  exactness  by  the  dividing*point  or  tracer,  which  can 
only  move  in  a  direct  line  tending  to  the  centre,  and  is  alto- 
gether freed  from  those  inconveniences  that  attend  cutting 
by  meana  of  a  straight  edge.  This  method  of  drawing  lines 
will  also  prevent  any  er^or  that  might  arise  from  an  expan- 
sion or  contraction  of  the  metal  diuing  the  time  of  dividing. 

The  screw-frame  is  fixed  on  the  top  of  a'  conical  pillar, 
which  turns  freely  round  its  axis,  and  also  moves  freely 
towards  or  from  tne  centre  of  the  wheel,  so  that  the  screw- 
frame  may  be  entirely  guided  by  the  frame  which  connects  it 
with  the  centre:  by  this  means  any  eccentricity  of  the  wheel 
and  the  arbor  would  not  produce  any  error  in  the  dividing ; 
and  by  a  particular  contrivance,  (which  will  be  described 
hereafter,)  the  screw  when  pressed  against  the  teeth  of  the 
wheel  always  moves  parallel  to  itself;  so  that  a  line  joining 
the  centre  of  the  arbor  and  the  tracer  continued  will  dways 
make  equal  angles  with  the  screw. 

fig.  316  fcppesents  a  perspective  view  of  the  engine. 

F^.  317  is  a  plan  of  which  fig.  318  represenU  a  section  on  the  line  UA. 

The  large  wheel  A  is  45  inches  in  diameter,  and  has  10  radii,  each  bein| 
SBppofted  by  edge4)ars,  as  represented  in  fig.  318.  These  baxs  and  radu 
•le  eotmectod  by  a  circular  ring  B»  24  indies  in  diameter  and  3  inches  deep; 
tad,  for  gveaier  ttrength,  the  whole  is  cast  in  one  piece  in  bell-metal. 

As  the  whole  weight  of  the  wheel  A  resU  on  its  ring  B,  the  edflre-bars 
are  deepest  where  they  join  it ;  and  from  thence  their  depth  diminishes, 
beth  towards  the  centre  and  circumference,  as  represented  in  fig.  318 

The  soffocc  of  the  wheel  A  was  forked  venr  even  and  flat,  and  its  clr- 
tuw^knmot  Uimed  true.  The  ring  C,  of  fine  brass,  was  fitted  very  exactly 
e»the«ifcainforeDce  of  the  whQ«l;  and  was  fiistened  thereon  with  screws, 
which,  after  being  screwed  as  tight  as  possible,  were  well  rivetted.  The 
hce  of  a  large  dinck  being  turned  very  true  and  flat  in  the  lathe,  the  flat- 
tened svfoce  A,  fig.  318,  of  the  wheel,  was  fastened  against  it  with  hold- 
fcito;  Md  Ibe  two  sur&oes  and  circuniierence  of  the  ring  C,  a  hole  throu^ 
llitcMlic  sad  the  plane  part  round  6,  and  the  lower  edge  of  the  ling  B, 
wve  tnrDsd  at  the  aaine  time. 

D  is  a  piece  6(  hard  bell-meUl;  having  a  hole,  which  receives  the  steel 
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•tlxir^iDtdtfBrjrvtiaigteaiidtnie.  fbifMUocli^iPtftlaiB#  wtnie 
«n  «o  trbor ;  and  the  «oe,  whioh  refU  #q  a  wheel  at  b^  was  Uustd  T97 
Aat,  10  that  Ifae  steel  arbor  d  migbt  stand  perpendicular  to  tha  plane  of  (k 
wheel ;  this  bell-metal  was  fastened  to  the  wheel  by  six  steel  scieiif . 

A  brass  sodcet  Z  is  listened  on  die  centre  of  the  mahaganf  stand,  Md 
hieeifet  the  lower  part  of  the  beU-metal  oteoe  D,  beiBg  made  to  teairiiiltt 
MUmetal  in  a  naarow  part  near  the  monUiy  to  prevent  any  obliquity  di^ 
ai^ed  from  bending  the  arbor;  good  fitting  is  by  no  means  necessaiy  bm; 
since  any  shake  in  this  socket  will  produce  no  bad  effKst,  as  w^  appear 
hereafter  when  we  docribe  the  cntting-frame. 

The  wheel  was  then  pat  on  its  stand,  the  tower  edge  of  the  liag  B» 
igs.  31^  31Ty  and  318,  resting  i»  the  ciroamference  of  three  oooical  findioB 
Milleys  Wy  to  facilitate  its  motion  round  its  centre.  The  axis  of  one  cf 
these  pulleys  ii  in  a  line  joining  the  centre  of  the  whecA  and  the  middle  of 
the  endless-screw,  and  die  other  two  placed  so  as  to  beat  c^oal  (KaHoces 
from  each  other. 

Fiff.  316is  a  Uodk  of  wood  stiongly  fiiAened  to  one  of  the  less  of  the 
stand ;  the  piece  g  is  screwed  tt>  ihe  upp^r  aide  ^  the  block,  and  has  ktlf* 
Jiolfis.  in  whicJi  the  transrerse  axis  i,  fig.  319,  tores;  the  hair-holes  are  kept 
logger  by  the  screws  I. 

The  lower  extremity  of  the  conical  pillftr  P,  figs.  316  and  9\%  ymtkomt 
xh  a  cylindiidd  steel  pin  i,  lig.  319,  which  passes  thcoogh  and  tmas  iat)« 
ttaasTerse  axis  k^  and  is  con&ed  by  a  check  and  fucrew. 

T6  the  upper  end  of  the  oonical  pillar  is  fiistened  the  frame  G,  fig.  119, 
In  which  the  endless*screw  turns;  the  pivots  of  the  screw  are  formed  io  tbe 
manner  of  two  frustrums  of  cones  joined  by  a  evlinder,  as  remsented  aft  X, 
f^.  320.  These  pivots  are  confined  between  half^ioleSy  whieh  pms  01^ 
«Ci  the  conical  parts,  and  do  not  touch  the  cyliadric  parts;  the  haff^ols 
me  kept  together  by  scsews  a,  whioh  may  be  tightened  at  any  tiaie^  t» 
prerent  the  screw  from  shaking  in  the  frame. 

On  the  screw-arbor  is  a  small  wheel  of  brass  K,  figs.  316,  317,  31^  sb^ 
320,  having  ita  outside  edge  divided  into  60  ports,  and  wuaboied  at  awiy 
Ifixth  division  with  1, 2,  Ice.  to  tO.  The  motion  of  this  wheel  is  showB  ^ 
the  index  ^  figs.  3t9-and  320,  on  the  screw-fiame  G. 

£^  fig.  31fi,  l^wes^nts  a  part  of  the  stand,  having  a  parallel  slit  b  the 
direction  towards  the  centre  of  the  wheel,  large  enough  to  receive  tfaei^per 
part  of  the  conical  brass  piUar  P,  whi^  carries  the  screw  and  Hiime; 
and  as  the  resistance,  when  the  wheel  is  moved  by  the  endles^scHsg  s 
against  the  side  of  the  slH  H  which  is  towards  the  left  hand,  that  ride  of 
.  we  silit  is  fiuced  vrith  brass,  and  the  pillar  is  pressed  against  it  by  alteel 
spring  on  the  opposite  side ;  by  this  means  the  p^lar  is  strongly  sopptM^ 
laterally,  and  yet  the  screws  may  be  easihr  pressed  from  ora^uMtt^ 
circurofiirence  of  the  wheel,  and  the  oUlar  wiu  turn  fireely  on  its  vcis  «>  tt^ 
tmy  direction  given  it  by  the  frame  L 

At  each  comer  of  the  piece  I,  fig.  319,  are  screws  n,  of  tempered  sleei, 
having  polished  conical  points ;  two  of  them  turn  in  conical  holes  is  tbe 
screw-fiame  near  0,  and  the  pomts  of  the  other  two  screws  turn  in  tbe 
fioles  in  the  piece  Q;  the  screws  f>  are  of  steel,  whtdk  bong  lithtasi<> 
prevera  the  conical  pointed  screws  finm  witimiing  when  tie  bm  '* 
^oved. 

L,  figs.  316,  31  r,  and  321,  is  a  brass  firame,  which  serves  to  .conned  ^ 
endless-screw,  its  frame,  &c  with  the  centre  of  the  wheel ;  esch  aim  flf  tk0 
firame  is  terminated  by  a  steel  screw,  diat  iHBgr  be  passed  «hniQ|^  uf  <>[ 
the  lioles  ^,  in  the  piece  Q,  fig.  319,  as  ^rtia  thiAiwasiof  tfaewaik»» 
divided  on  the  wheel  may  lequire^  and  are  fiMfteand  by  the  fiagas^m*'! 
figs.  316  and  317. 
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^  4h$  md  ef  tins  fttine  4s  t^  flit  pMoa  of  tempm^  sted  b^^ff.  ^l« 
irtieieiu  ia  an  angular  notch ;  when  the  endless-screw  U  pressed  against  the 
teedi  of  the  drcumference  of  the  wheel,  which  may  1)e  done  by  taming  the 
tfa^r-eerew  S,  figs.  316  and  917,  to  I»es8  agamst  the  nring  I,  thii  notch 
uSmees  and  pfresses  affainsc  the  steel  aiiwr  M,  This  end  of  the  frame  amf 
he  laised  or  depressed  bj  moving  the  prismatic  slide  o,  fig.  317»  whidim^ 
he  fiswdat  any  faei^  by  the  fear  steel  scx«ws  v,  figs.  316,  317,  and  nu 

the  bottom  of  thtselide  has  a  notch  K,  figs,  aid  and  321,  whoee  plane  is 
pandlet  to  the  endless-screw,  and  by  the  point  of  the  arbor  d^  ng.316^ 
lestfaiffin  this  notch,  this  end  of  the  frame  is  preroDtsd  from  ttltBig.  Ihe 
Kf«lr  S,  figs.  310  and  817,  is  prevented  from  ontuming,  by  tightening  itt 

Theteedion  (he  oboumfereuce  of  die  wheel  were  caihy 
Ibe  MBowing  method: 

Havbg  considered  what  dctmber  of  teeth  on  the  cbcnm- 
iereoce  would  be  most  cOitlrenient,  which  in  this  engine  i» 
3168^  or  960  multipUed  by  6, 1  made  two  screws  of  the  same 
cSmenflrion  of  tempered  Bteel,  hi  the  manner  hereafter  de- 
scribed,  the  intert^  be^een  die  threads  bemg  snch  as  i 
knew  by  calculation  wouM  come  within  the  Emits  of  what 
might  be  turned  of  the  circumference  of  the  wheel:  one  of 
th^  screws,  which  waaintended  for  latching  or  cutting  the 
teeth,  was  notched  across  the  tiireads,  so  that  the  screw^ 
iriien  pressed  against  the  ^dge  of  the  whe^el  imd  turned 
roimd,  cut  in  the  manner  of  a  saw.  Hien  having  a  segment 
(rf  a  c^e  a  little  greater  than  6D  degrees,  ot  about  the  same 
radius  with  die  wheel,  and  the  cacmnfeftrenee  made  tme^ 
from  a  Tory  fine  centre,  I  detknibed  an  arch  near  flie  'e^p% 
and  set  off  the  chord  of  60  degrees  on  this  arch.  This  seg- 
ment vnm  put  in  the  place  of  the  wheel,  the  edge  of  it  was 
niched,  and  the  number  of  fe?)(dBdo&8  and  Mrta  of  (he 
screw  contained  between  die  interval  of  the  60  degitees  were 
cotmted.  The  radius  was  eorret^ted  in  die  proptortion  of 
360  revi^tions,  which  ought  to  have  been  in  oO  degreei^  to 
the  Bnari>er  actually  foutid;  and  the  radius^  lo  corrected,  was 
taken  in  a  pair  of  beam-compasaes ;  mdnle  die  wheel  was  oa 
Che  lathe,  one  foot  of  the  compasses  was  put  in  the  centre^ 
and  with  the  other  a  circle  was  descnbed  on  the  ring;  then 
half  the  depdi  of  the  threads  of  the  screw  being  tuten  in 
fifidets,  Wtts  'Mt  from  this  csrde  outwards,  and  another 
dftte  was  described  ctitting  this  poiitt^  a  4i<(dh>w  wa»  then 
taoRd  on  the  e^ge  of  the  wheel,  c(f  the  same  curvature  as 
'that  of  the  acrew^  the  bottom  ^f  the  direads,  the  bottom 
^tUsh^low  watt  tamed  toithe  same  ladias  or  ^tanoe  from 
the  centre  of  the  wheel,  as  the  otftwaid  of  the  two 'chndes 
asfsie-ttcfltioaed* 

The  wheel  was  now  taken4yff  the  iathe^  and  die-beU-vietHl 
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piece  D,  fig.  318,  was  screwed  on  as  heSort  directed^  wliidi 
after  this  ought  not  to  be  removed. 

From  at  Toy  exact  centre  a  circle  was  described  on  the  ring  C,  figs.  316, 
317,  and  StB,  about  four-tentba  of  an  inch  within  where  the  bottom  of  tk; 
tee^  would  oome.  This  circle  was  divided  with  the  greatest  exactness  I 
was  capable  oi;  first  into  fife  parts,  and  each  of  these  into  three.  Jhe» 
parts  were  then  bisected  four  times,  (that  is  to  say,)  supposing  the  whole 
rircumference  of  the  wheeLto  contain  2160  teeth,  this  h&nx  divided  into 
fire  parts,  eadi  would  contain  432  teetfar;  which  being  divided  into  three 
parts,  each  of  them  would  contain  144;  and  this  space  bisected  four  timet 
would  give  72,  36, 18,  and  9 ;  therefore  each  of  the  last  divisions  would 
contain  nine  teeth.  But,  as  I  was  apprehensive  some  error  might  arise 
from  quinquesection  and  triseetion,  in  oraer  to  examine  the  accuracy  of  the 
divisions,  I  described  another  circle  on  the  ring  C,  (fig.  322,)  one-tenth  of 
an  indi  within  the  former,  and  divided  it  by  continual  bisections,  as  2160, 
1080,  540,  270, 135,  67i,  and  33|;  and  as  the  fixed  wire  (to  be  dcsciibed 
presently)  crossed  both  the  circles,  I  could  examine  their  agreement  tt 
every  135  revolutions ;  (after  ratdiing,  could  examine  it  at  every  33|;)  hot 
not  finding  any  sensible  difference  between  the  two  seU  of  divisions,  I,  ks 
notching,  made  choice  of  the  former ;  and,  as  the  coincidence  of  the  fixed  wire 
with  an  intersection  could  be  more  exactly  determined  than  with  a  dot  or 
division,  I  therefore  made  use  of  intersections  in  both  circles  before  described 

Hie  arms  of  the  frame  L,  fig.  322,  were  connected  by  a  thin  piece  of  hns 
of  three-fourths  of  an  inch  broad,  having  a  hole  in  the  middle  of  foiir-teotfaf 
of  an  inch  in  diameter ;  across  this  hole  a  silver  wire  was  fixed  exactly  in  a 
line  to  the  centre  of  the  wheel ;  the  coincidence  of  this  wire  with  the  inter- 
sections was  examined  by  a  lens  seven-tenths  of  an  inch  focus,  fixed  in  a  tube 
which  was  attached  to  one  of  the  arms  L.*  Now  a  handle  or  winch  beiog 
fixed  on  the  end  of  the  screw,  the  division  marked  10,  on  the  circle  K,was 
set  to  its  index,  and,  by  means  of  a  clamp  and  adjusting-screw  for  that  pox- 
pose,  the  intersection  marked  1  on  the  circle  C  was  set  exactly  to  coiocide 
frith  the  fixed  wire ;  the  screw  was  then  carefully  pressed  against  the 
circumference  of  the  wheel,  by  turning  the  finger-screw  S,  then,  removing 
the  clamp,  I  turned  the  screw  by  its  handle  nine  revohitioni,  till  the  inter- 
lectioD  maiked  240  came  nearly  to  the  wire;  then,  untunung  thefiofCi- 
terew  S,  I  released  the  screw  from  the  wheel,  and  turned  the  wheel  l»ck 
till  the  intersection  marked  2  exactly  coincided  with  the  wire;  and,  by 
means  of  the  clamp  before-mentioned,  the  division  10  on  the  circle  bon^ 
set  to  its  index,  the  screw  was  pressed  against  the  edge  of  the  wheel  by  the 
fingerHKirew  S ;  the  damp  wire  removed,  and  the  screw  turned  nine  refohh 
tions  till  the  intersection  marked  1  nearly  coincided  with  the  fixed  wire;  the 
screw  was  released  from  the  wheel  by  untuming  the  finger-screw  S  u 
before ;  the  wheel  was  turned  back  till  the  intersection  3  coincided  with 
the  fixed  wire ;  the  division  10  on  the  circle  being  set  to  its  index,  the 
screw  was  pressed  against  the  wheel  as  before,  and  the  screw  was  turned 
nine  revolutions,  till  Uie  intersection  2  neariv  coincided  with  the  fixed  wire, 
and  the  screw  was  released ;  and  I  proceeded  in  this  manner  till  the  teeth 
were  marked  round  the  whole  circumference  of  the  wheeL  This  wis 
repeated  three  times  round,  to  make  the  impression  of  the  screw  deeper. 
I  then  ratched  the  wheel  round  continually  in  Ihe  same  direction  witboot 
ever  diseAgaging  the  screw ;  und,  in  ratdiing  the  wbed  about  300  tioMS 
round,  the  teeth  were  finished. 

I  — 

*  The  intersections  are  marked  for  the  sake  of  iUii8tr*tlon«  tiioogh  prc^erly 
laviiSbUy  tbey  lying  oadcr  the  bnffi  pbile^ 
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It  is  evident  if  the  circumference  of  the  wheel  were  even 
one  tooth  or  ten  minutes  greater  than  the  screw  would 
require^  this  error  would  in  the  first  instance  be  reduced  to 
tVit  part  of  a  revolution^  or  two  seconds  and  a  half;  and  these 
errors  or  inequalities  of  the  teeth  be  equally  distributed 
round  the  wheel  at  the  distance  of  nine  teeth  from  each 
other.  Now,  as  the  screw  in  ratching  had  continually  hold 
of  several  teeth  at  the  same  time,  and  these  constantly 
chang^g,  the  above-mentioned  inequalities  soon  corrected 
themselves,  and  the  teeth  were  reduced  to  a  perfect  equality. 
The  piece  of  brass  which  carries  the  wire  was  now  taken 
a'way^  and  the  cutting-screw  was  also  removed,  and  a  plain 
<me  (hereafter  described)  put  in  its  place ;  on  one  wid  of  the 
Bcnrew  is  a  small  brass  circle,  having  its  edge  divided  into 
sixty  equal  parts,  and  numbered  at  every  sixth  division,  as 
befbi^  mentioned. 

On  the  other  eod  of  the  screw  is  a  ratchet-wheel  c,  having  sixty  teeth, 
covered  by  the  hollowed  circle  d,  fig.  320,  whidi  carries  two  clicks  that 
catcfa  iipon  the  opposite  sides  of  the  rochet  when  the  screw  is  to  be  moved 
fiorwar^.  The  cylinder  S  turns  on  a  strong  steel  arbor  F,  which  passes 
throa^  and  is  firmly  screwed  to  the  piece  i ;  this  piece,  for  greater  firm- 
ness, IS  attadied  to  the  screw-firame  G,  fig.  319,  by  tne  braces  v  ;  a  spiral 
eroore  or  thread  is  cut  on  the  outside  of  the  cylinder  S,  which  serves  both 
for  holding  the  string,  and  also  giving  motion  to  the  lever  J  on  its  centre, 
by  means  of  a  steel  tooth  n,  that  works  between  the  threads  of  the  spiral. 
To  the  lever  is  attached  a  strong  steel  pin  m,  on  which  a  brass  socket,  r, 
turns ;  this  socket  passes  through  a  slit  in  the  piece  p,  and  may  be  tightened 
in  any  purt  of  the  slit  by  the  miger-nut/;  this  piece  serves  to  regulate  the 
mnnber  of  r^olutions  of  the  screw  for  each  tread  of  the  treadle  R. 

T,  fig.  316,  is  a  brass  box  containing  a  spiral  spring;  a  strong  gut  is 
fastened  and  turned  three  or  four  tiroes  round  the  circumference  of  this  box; 
tbe  gut  then  passes  several  times  round  the  cylinder  S,  and  from  thence 
down  to  the  treadle  R,  fig.  316.  Now,  when  the  treadle  is  pressed  down, 
the  string  polls  the  cylinder  S  round  its  axis,  and  the  clicks  catching  hold 
of  the  te^  on  the  ratchet  carry  the  screw  round  with  it,  till,  by  the  tooth  n 
working  in-  the  spiral  groove,  the  lever  J,  fig.  319,  is  brought  near  tho 
wheel  A,  and  the  cylinder  stopped  by  the  screw-head,  a,  striking  on  the  top 
of  the  .ever  J ;  at  the  same  time  the  spring  is  wound  up  by  the  other  end  of 
tbe  girt  passing  round  the  boxT,  fig.  316.  Now,  when  the  foot  is  taken 
oil  the  treadle,  the  spring,  unbending  itself,  pulls  back  the  cylinder,  the 
clicks  leaving  die  ratcnet  and  screw  at  rest  till  tne  piece  I  strikes  on  the  end 
of  the  fneee  p,  fig.  316;  the  number  of  revolutions  of  the  screw  at  each 
trend  is  limited  by  the  nnmber  of  revolutions  the  cylinder  is  allowed  to 
turn  biack  befoie  the  stop  strikes  on  the  piece  p. 

WlwD  the  endless-screw  was  moved  round  its  axis  with  a  considerable 
ireioeity;  it  would  continue  that  motion  a  little  after  the  cylinder,  figs.  316 
and  319,  was  stopped;  to  prevent  this,  the  angular  lever i|  was  made, 
that  when  tbe  lever  J  comes  near  to  stop  the  screw  jr,  it,  by  a  small  chamr 
fer,  presses  dovm  the  piece  k  of  the  angular  lever ;  this  brin^  the  other 
mnd.  If,  of  the  same  lever  forwards,  and  stops  the  endless-screw  by  tbe  steel 
pin,  ^  striking  upon  the  top  of  it :  the  foot  of  the  lever  is  raised  again  by  a 
smU  spring  pressiiigon  the  brace  v 

y 


Digitized 


by  Google 


THK  OPBRAflVE    MBCUANIC 

^;  tW6  tftiit^,  cf^tieoted  by  the  piece  «,  sUde  <me  5n  eadi  arm  of  the  iniM 
fc»«i9S.  314, 317,  iad  331,  tnd  nay  be  fixed  at  pleasure  by  the  four  finger- 
pMwB  «y  which  prcM  against  the  steel  springs  to  avoid  spoiling  the  arms ; 
the  piece  q  is  made  to  turn  without  shake  between  two  conical  peiirted 
screws/,  which  are  prevented  from  untuming  by  tightening  the  hups- 
todtsN. 

Thepi«de  m,  fig.  331,  is  made  to  turn  on  the  piece  ^,  by  tfie  cMiQil 
|>^tea  screws,  t,  resting  in  the  hollow  centres  f . 

As  there  is  frequent  occasion  to  cut  divLiions  on  inclined  planes,  for  ihat 
purpose  the  piece,  %  in  which  the  tracer  is  fbced,  has  a  conitai  atis  et  taA 
&nd,  ^ich  turn  in  half-holes;  when  the  tracer  is  Aet«>  any  ind&ttati«a,  U 
ni«y  be  ftied  there  by  tightenil^p  (he  «teel  screws  3. 

f>nf!Hption  of  the  engine  by  i^Mcft  (he  en^$9^4ir^  ^Hftkt  rfyjWhyayw 

woe  eut. 

Pig,  834  tepttMenfs  this  enlgine  of  its  fbU  ditnedsions,  tseen  fron  one  uk. 

*F%.  333,  the  i^fier  side  of  the  same,  tas  seen  from  above. 

A,  represents  a  triangular  bar  of  &teel»  to  which  the  triangular  botes  in 
die  bieces  fi  and  C  are  accurately  'fitted,  arid  may  be  fixed  on  any  |tatt  oT 
the  oar  by  the  screws  D. 

*£  is  a  piMe  nf  st^l  whei^ou  the  kcrew  is  tiltehded  to  be  cut ;  ivladh, 
Irftertielsg  hifdentd  and  terepertd,  has  its  pivots  turned  in  die  fenn  of  tm 
IhiMvanis  of  eovies,  as  vepreeented  in  the  diewings  of  the  diTtding-eotinc, 
ig.83a.  Tliese  pivots  Were  exactly  fitted  to  the  handles  F  aiidT,iM 
vfcte  Ite^togettier  by  the  screws  s. 

^H  presents  a  scretr  of  untempcred  sted>  having  a  pivot  I,  which  taraiii 
the  hole  ft ;  at  the  oiher  end-  of  the  screw  is  a  hoUow  centre,  which  reoeiva 
the  hardened  domical  point  of  the  tteel  pin  ai.  When  this  point  is  suifideDttf 
pftsMd  agakMt  the  scratv,  to  ^pretent  tt^shaking,  (he  staeL  pin  may  be  iad 
oy  ti^tcKiinff  tbe  screws  Y. 

N  Is  a  oytkldrie  nut  movable  on  the  sdew  H ;  wfaidH  to  .pseveat  «if 
shakes,  may  be  tightened  by  the  screws  O.  Hus  not  is  cooneeted  witb  tk 
saddle-pieoe  P,  bv  means  of  the  intermediate  universal  joint  W,  thfNfk 
whidi  me  aibor  of  the  scMw  H  passes.  A  front  vievr of  this  piece^ widia 
section  across  the  screw^aibor,  is  rrpresented  at  X.  This  joint  is  tonasitri 
With  the  tmt  by  means  of  two  steel  dtps  S,  vrhidi  turn  on  pins  betweso  tkf 
ehei^  T,on  (he  nut  N.  The  other  ends  of  these  slips,  S,  turn  in  like  ms- 
lier  Oafxkift  a ;  one  axis  of  this  joint  turns  in  a  hole  in  the  ooek  b,  vryckk 
fiaoftd  to  the  iaddle-pieee ;  and  the  other  turns  in  a  hole  d,  made  for  ihit 
BittMWb  in  theiame  piece  on  which  the  cock  ^  is  fixed.  By  this  means,  wbes 
the  Mfew  Is  turned  rownd,  the  aaddle^iaoe  will  sMde  nnilbrmljr  aloi^t^ 
triaHMlar1>ar  A. 

'K  Is  a  atnall  triangular  oar  of  well-ien^|ered  steel,  which  sUdeais  %giom 
OflheWMelbniiontbesaddle^pieceP.  The  point  of  this  bar  or  catltr  ii 
IbHnedsothesbBRieofthe  thread  thtended  to  be  cut  on  the  CDdkss-saw. 
Wll^a^fae  «Vtter  &  let  to  takofiro*er-Md  of  the  intended  screw,  it  mtgrte 
fkMhf  tighlealiig'tbe aofews  e,  iiin^ press Uie< two  pieces ofbeass  apea it 

Having  measured  the  circmnferentje  of  the  diviaingi^slieel,  I  fiBcad  it 
^rNliteqidre  a  serevr  about  WM^utad  in  a  hundred  coarser  than  the^<- 
i^ire¥^a#bor  H^  and^at^an  AeratubE^on  which  the '  screw  was  to  bs  M 
<#«i«>pfi^rlioncdtOiHRAi*tharto.|tro<liMetiiatefie«U^  hy  giving  tiiruM 
ii^lOS  teeth*  and  the  wheel  Q  tOO.  These  wheels  ootisMuiioalad  with  teA 
x^^t  by  mtans  of  the  interinediate  wheel  R,whtob  also  served  to  ^ve  4ke 
%Hi^eads  on  Ihe'ewoaopews  iim  same  AirecliOn. 

The  'ftaddle^pieoe  P  is  oonftnod  t^n^che  bar  A  bv  aseans  of  the  pieces  t^, 
and  may  be  made  to  slide  vrith  a  propesdegiee^ttightiiaia.by  tho •«««•• 
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LATHES  AND  TURNING  APPARATUS. 

Tsol  lallift  w  a  very  useiid  eogine  lor  turiung  wood^  ivory, 
Mdais,  Bo4  -otAier  materials. 

Tte  common  lathe  is  composed  of  two  wooden  cheeks  or 
fUt^  pox^Uel  to  the  horizon,  having  a  groove  or  opening  be- 
tMFfiSQ  I  pei{>e)»dicuUr  to  tbase  are  twQ  other  pieces,  called 
fUfptUy  made  to  slide  between  the  cheeks,  and  to  be  fixed 
down  at  any  point  at  pleasure.  These  have  two  points^  be- 
tween whiich  Uie  pif  ce  to  be  turned  is  sustained ;  the  piece  is 
turned  coood  backwards  and  forwards  by  mean^  of  a  string 
put  roocd  it  and  fastened  above  to  the  end  of  a  pliable  pole, 
and  imdeme^h  to  a  treadle  or  board  moved  with  the  foot. 
There  is  also  a  rest  which  bears  up  the  tool,  and  keeps  it 
steady. 

We  «b«il  BOW  pitKseed  to  give  Mr.  J.  Farey's  description  of 
the  improved  laihes  manufactured  by  Mr.  Henry  Maudslay, 
of  Margaret-stxcet,  Careodish-square. 

A,  fi^.  326,  is  the  great  wheel,  wkh  four  grooves  on  the  rim ;  it  is  woited 
Uy  a  crank  B,  and  treadle  C,  in  the  «onunoa  way ;  the  catgut  which  goes 
•mumI  this  ^e^  -passes  also  lound  a  smaller  ^eel  D,  caU^  the  mandrel, 
which  has  lour  gf«oves  on  its  oircumfercnoey  of  difiiBrent  diameters,  forgiving 
it  dMefent  velocities,  corresponding  wMi  the  fwr  grocnres  on  the  great 
wheel  A.  In  osder  to  make  the  same  hand  sak,  when  implied  to  alt  the 
AitffWit  grooves  on  ihe  aandcel  D,  the  wheel  .^Pci^he  elevated  or  depressed 
by  a  ecpew, ,«,  and  another  at  4he  other  end  j9f4he  axle ;  and  the  connecting 
rod,  C,  can  be  lengthened  or  shortened  by  screwing  the  hobks  at  each  end  df 
it  ibrther  out  <<  4>r  into  it.  The  «ad  M,  fig.  SM,  of  the  sjpindie  of  the 
nandiel  D,  b  pointed,  aad  works  in  a  hofe  in  'tite  end  oi  a  screw,  put 
teNi|h  the  standaid  £,  fig.  925 ;  the  other  end  of  the  bearing  F,  fig.  896, 
is  conical,  and  woiks  in  a  oonical  socket  in  \JUa  standard  f,  ^\^,^Sy  so  that^ 
\^  tightening  np  the  screw  in  £,  the  conical  end,  F,  may  at  any  4ime  be 
made  to  fit  its  socket ;  the  popptt  O  hap  a  cylindric  hole  through  its  top  to 
receive  the  polished  pointed  rod  4^  which  is  mcKvad  by  the  screw  e,  and 
filed  by  ^  screw/;  the  whole  poppet  is  {fixed  on  the  triangular  prisoMtie 
bar  H,  ^  a  damp,  fig.  832,  the  two  ends  of  which, «,  6,  are  pvt  through 
holes,  *,  m  the  bottom  of  the  puppet  under  the  bar,  and  the  whole  is  fixed 
by  thescrew  e  pressing  aeainst  it ;  by  this  means  the p»pp«t  can  be  taken 
«tthe  bar  without  first  tudng  eff  the  standard  I,  as  in  the  common  hUhes ; 
aad  thetriangnlarbaris  foundto  belar  f>referable  tothedouble  rectangular 
•ae  in  common  use.  The  rett^*  is  a  similar  contrivance ;  it  is  in  three 
pieces; 
whidi,! 

*««I»ti^  .  w 

TCceive  them)  so  that  the  notches  in  cT  iT  d  iT  may  "be  level  with  the  top  of  fig. 
tta ;  tiie  two  beads,  e /,  in  fig.  827,  are  then  elid  intathe  notckea  ia  th^  top 
^ddddy  fig.  328,  to  keep  the  whole  togdher;  the  groove  i  is  to  foctive  a 
corresponding  piece  on  e/, 'fig.  827,  to  steady  it;  the  whble^yf  fig327  htt  a 
— ^"^  cover,to  keep  rtwehipsoutoi' the  grooves,  it  is  plaia  tSat,^  ti|^ 
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ening  the  screw  h,  in  the  bottom  of  fig.  329,  the  whole  will  be  fijted  and  pi* 
vented  from  sliding  along  the  bar  H,  and  fig.*  327  from  sliding  in  adiieciioii 
perpendicular  to  the  bar;  the  piece  ly  fig.  327,  on  which  Uie  tool  is  laid»  can 
be  raised  or  lowered  at  pleasure,  and  fixed  by  a  screw,  m.  On  Ae  end,  «,o{ 
the  spindle  P,  figs.  325  and  326,  is  screwed  occasionally  an  oiuTersal  cback 
for  holding  any  kind  of  work  which  is  to  be  turned.  (See  fig.  330.)  Ais  Ae 
female  screw  to  receive  the  screw  n,  fig.  325 ;  near  the  bottom  of  the  screw 
A  is  another  screw,  B  B,  which  is  prevented  from  moving  endways  by  a  col- 
lar in  the  middle  of  it  fixed  to  the  screw  A ;  one  end  of  the  screw  B  B  is 
cut  right-handed,  and  the  other  left-handed ;  so  that  by  turning  the  screw 
one  way,  the  two  nuts,  £  F,  will  recede  firom  each  other,  or  by  turning  it  the 
contrary  way,  they  will  advance  towards  each  other;  the  two  nuts,-EF, 
pass  through  an  opening  in  the  plate  C,  and  project  beyond  the  same,  carrying 
jaws,  like  those  of  a  vice,  by  which  the  subject  to  be  turned  is  to  be  held. 

For  turning  faces  of  wheels,  hollow  worl^,  &c.  where  great  accuracy  b 
wanted,  Mr.  Maudslay  has  contrived  a  curious  apparatus,  which  he  calb  a 
slide-tool,  represented  by  fig.  331,  where  E  £  £  is  the  opening  to  reoeiTe 
the  bar  H,  fig.  325,  and  it  is  fixed  by  the  clamp,  fig.  332,  as  before  d^ 
scribed ;  the  tool  for  cutting,  &o.  is  fixed  into  the  two  holder;  6  ft,  by  their 
screws ;  these  holders  are  fastened  to  a  sliding  plate  a,  which  cam  be  moted 
backwards  and  forwards  by  the  screw  c,  causing  the  tool  to  advance  or  re- 
cede ;  fig.  33d  represents  the  under  side  (turning  upwards)  of  the  part  A  A, 
in  which  the  screw  c  is  seen  fixed  at  each  end,  and  the  nut  d,  which  is  at- 
tached to  the  underside  of  the  plate  a,  working  upon  it.  When  it  b  neces- 
sary, as  in  the  turning  of  the  inside  of  cones,  &c.  that  the  took  i^oidd  not 
be  parallel  to  the  spindle  P,  the.  screw  e,  and  another  similar  one  bdiiod, 
must  be  loosened,  the  tool  set  at  the  proper  angle,  and  then  be  screwed  tigfat 
again.  In  order  to  make  the  piece  A  A  move  truly  when  it  is  toroed 
round,  there  is  a  hole/,  fig^33,  to  receive  a  knob  g,  fig.  338,  upon  the 
plate  B,  which  acts  as  a  centre,  and  k^eps  it  in  its  place ;  there  are  three 
holes  on  each  side  in  the  platte  B,  fig.  336,  to  put  the  screw  e  in  at  difiereat 
times,  thus  giving  to  the  tool  a  greater  ranged  tnan  the  circular  openings  S  S 
will  admit. 

The  part  £  £  £  £,  represented  separately,  and  inverted,  in  fig.  334,  b  of 
cast-iron,  and  has  a  screw,  A,  woriung  in  it,  similar  to  fig.  333 ;  the  nut  of  this 
screw  is  attached  to  the  bottom  of  the  slide  H,  fig.  335,.  at  t,  which  slidei 
in  the  groove  t,  figs.  33t  and  334 ;  at  one  end  of  it  is  a  box  containing  a 
screw  m,  to  be  hereafter  described,  and  at  the  other  is  a  fifame  of  brass  K  K. 
Near  the  same  end  of  the  slide  is  a  pin  L,  projecting  above  the  plate,  whid 
is  put  through  an  opening,  J,  in  fig.  336,  to  steady  it,  while  the  other  ead  C, 
of  fig.  336,  is  put  through  an  opening  M,.  in  U^  box  D,  fig.  335.  In  the 
part  C  is  an  obli<^ue  slit  II,  to  receive  a  stub  which  projects  from  the  bot- 
tom of  the  nut  n,  worked  by  the  screw  m,  fig.  335 ;  by  this  arrangement  it  is 
obvious  that  if  the  screw  m  is  worked,  the  stub  of  the  nut  n,  acttng  against 
the  slide  of  the  slit  / 1^  ns  an  indited  plane,  will  move  it  either  backwaras  or 
forwards  through  the  ^opening  M ;  a  metal  cover  r,  fig.  338,  is  occasiooi^ 
put  over  the  opening  for  the  nut  n,  and  screw  m,  to  prevent  the  chips  fiaa 
ndling  in. 

Near  the  four  comers  of  the  frame,  fig.  336,  are  four  small  projectionf,  o  o  s  ^ 
with  inclined  sides,  which  fit  into  the  four  openings  p  ppp^ot  figs.  837  sod 
331 ;  .these  openings  are  cut  out  in  twc^brass  plates,  which  are  screwed  on  at 
right  angles  to  the  plate  B  B,  figs.  331  and  337 ;  the  ends,  q  q  q.q\  of  these 
plates  sSde  between  the  edges  of  the  frame  K  K  and  the  box  D,  so  as  to 
prevent  any  other  motion  than  a  vertical  one.  When  this  slide  tool  is  used, 
Ihe  puppet  0  is  to  be  removed  or  pushed  back  further  from  F,  and  the  tool 
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If  pat  opon  the  bai  H,  fi^.  335,  and  fixed  in  the  place  of  the  rest  j,  by  the 
ciampy  fig.  332,  the  distance  fi^om  the  centre  n  is  adjusted  by  the  screw  h, 
which  moves  the  slide,  fig.  335,  in  the  grooves  t,  figs.  331  and  334,  with  the 
wh<Jle  apparatus  upon  it ;  by  the  screw  m,  figs.  331  and  335,  as  before  de- 
icribed,  tnc  slide,  ng.  336,  may  be  moved  in  a  direction  perpendicular  to  the 
bu  H,  fig.  325,  and  its  projections  o  o,  acting  against  the  slits  pp,  figs.  331 
and  337,  as  inclined  planes,  will  raise  or  lower  the  plate  B,  as  is  required. 

The  tool,  which  has  been  before  fixed  in  the  holders  b  b,  can  be  set  at  the 
proper  angle  by  loosening  the  screw  e,  as  previously  described ;  and,  lastly, 
the  tool  with  the  holders  and  slider  a,  can  be  advanced  or  withdrawn  £y 
workine  the  screw  e.  The  nuts  of  the  screws  c  and  h,  fig.  331,  are  not 
screwed  fiut  to  the  sliding  plates,  but  are  held  by  two  pins  #,fig.  335,  which  fit 
into  grooTes  «,  fig.  334,  in  each  side  of  the  nut ;  by  these  means  the  sliding 
plate  can  at  any  time  be  taken  out  by  only  unscrewing  one  of  the  brass  slides 
from  the  groores  t,  without  taking  out  the  screw  or  nut.  In  order  to  make  the 
grooTes  always  fit  their  slides,  the  two  pieces  of  brass  y  y,  fig.  331,  which 
compose  the  sides  of  the  groove,  have  elliptic  holes  for  their  screws  v,  so  as 
to  aamit,  when  the  screws  are  slackened,  of  being  pushed  inwards  by  the 
screw  19  which  works  in  a  lump  of  metal  cast  with  the  part  A  A. 

The  large  lathes  which  Mi.  Maudslay  uses  in  his  maim- 
factory^  instead  of  being  worked  by  the  foot,  as  represented 
in  fig.  323,  are  worked  by  hand ;  the  wheel  and  fly-wheel 
which  the  men  turn  works  by  a  strap  on  another  wheel  fixed 
to  the  ceiling  directly  over  it ;  on  the  axis  of  this  wheel  is  a 
larger  one,  which  turns  another  small  wheel  or  pulley  fixed 
to  the  ceiling,  directly  over  the  mandrel  of  the  lathe ;  and 
this  last  has  on  its  axis  a  larger  one  which  works  the  mandrel 
D,  by  a  band  of  catgut,  Tlbese  latter  wheels  are  fixed  in  a 
frame  of  cast-iron,  movable  on  a  joint ;  and  this  frame  has 
ahvays  a  strong  tendency  to  rise  up,  in  consequence  of  the 
action  of  a  heavy  weight,  the  rope  m>m  which,  after  passing 
over  a  pulley,  is  fEtstened  to  the  frame ;  this  weight  not  only 
operates  to  keep  the  mandrel-band  tight,  when  applied  to 
any  of  the  grooves  therein,  but  always  makes  the  strap  be- 
tween the  two  wheels  on  the  ceiling  fit.  As  it  is  necessary 
that  the  workman  should  be  able  to  stop  his  lathe,  without 
the  men  stopping  who  are  turning  the  grent  wheel,  there  are 
two  pulleys  or  rollers  (on  the  axis  of  the  wheel  over  the 
lathe)  for  the  strap  coming  from  the  other  wheel  on  the  ceil- 
ing; one  of  these  pulleys,  called  the  dead  pulley,  is  fixed  to 
the  axis  and  turns  with  it,  and  the  other,  which  slips  round  it, 
is  called  the  live  pulley ;  these  pulleys  are  put  close  to  each 
other,  BO  that  by  slipping  the  strap  upon  the  live  pulley,  it 
win  not  turn  the  axis ;  but  if  it  is  slipped  on  the  other^ 
it  will  turn  with  it ;  this  is  efiected  by  a  horizontal  bar,  with 
two  upright  pins  in  it,  between  which  the  strap  passes.  This 
bar  is  moved  in  such  a  direction  as  will  throw  tne  strap  into 
the  live  pulley,  by  means  of  a  strong  bell-springe  and  in  n 
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contrary  direction  it  is  moaned  by  a  cord  fkstened  to  il^  wUch 
passes  over  a  pulley^  and  hanss  down  within  reach  of  the 
workman's  hand ;  to  this  cord  is  £a8tened  a  weight  heavy 
enough  to  counteract  the  bell-springy  and  bring  the  strap 
«pon  the  dead  pulley  to  turn  the  lathe ;  but  when  the  wti^ 
is  laid  upon  a  little  sheU,  prepared  for  the  puipose,  the  spnng 
will  act  and  stop  it. 

Mr.  Maudslav  has  likewise  some  additional  apparatus  for 
cutting  the  teeth  of  wheels,  in  which  the  foce  of  the  maoM 
D,  fig.  3!J5,  has  seventeen  concentric  circles  upon  it,  each 
divided'  into  a  difiSerent  number  of  equal  parts,  by  small  boki. 

There  is  a  thin  stop  jr,  fig.  335,  which  mores  roond  on  a  screw  hd 
in  the  standard  F ;  this  stop  is  made  of  thin  steel,  and  is  so  fixed,  tbl 
when  it  is  turned  up,  and  its  point  inserted  into  any  of  the  di^iini 
of  the  mandrel,  it  will  have  a  sufficient  spring  to  keep  it  there;  ik 
wheel  to  be  cut  is  fastened,  by  means  of  a  chuck,  to  the  screw  n,  and  afiv 
it  has  been  turned,  and  brought  to  the  proper  shape,  the  rest,  j,  is  Wbe 
taken  away,  and  the  slide-tool  substitute ;  a  square  bar  is  then  put  bto 
the  two  holders  b  6,  fig.  3S1 ;  this  bar  has  two  branches  for  hblding  tiie  erfi 
of  a  tfpindle,  near  one  eftd  of  whicK  is  a  pulieY,  and  at  liie  oitiier  are  km 
Hiisels  fixed  perpendicularly  into  the  spindle  for  cutting  out  the  teeth,  (is- 
stead  of  the  Circular  saw  commonly  usea ;)  the  pulley  is  turned  (with  the  inter- 
rention  of  several  wheels  to  augment  (he  velocity)  by  the  same  gt^^i  ^M 
as  the  ladie,  with  7300  revolutions  per  minute ;  the  mandrel  is  ihett  fittd  by 
the  stop  jr,  %.  325,  and  the  cutter  adyan««i  toWtrds  the  wheel,  hj  (k 
strew  c,  fig.  331.  When  it  has  cut  that  toothy  the  cutter  is  withdcawa,  tsd 
the  mandrd  turned  to  another  division,  and  a  tooth  is  cut  again  as  htknt. 
At  that  part  of  the  frame  of  the  cutting-spindle  where  the  bar  which  is  6ttd 
in  the  holders  of  the  sbde-tool  connects  with  the  two  branches,  there  is  a 
joint,  by  which  the  cutting*spindle  can  be  set  in  an  indiniag  pdsitioi  lit 
cutting  oblique  teeth,  like  those  which  are  to  work  with  an  endks^seitv. 
llie  great  velocity  with  which  this  spindle  turns  soon  generates  by  fiktM 
and  resistance  a  degree  of  heat  suffiaent  to  expand  it  very  sensibly ;  but  this 
ingenious  mechanist,  foreseeing  such  a  circumstance,  has  Judiciously  coS- 
pensated  for  it  in  his  construction,  by  making  the  spindle  so  shott  as  ts 
play  loosely  in  its  sockets  at  the  commencement  of  the  motion ;  but  ift«> 
few  seconds  the  expansion  is  such  as  to  cause  the  whole  to  fit  together  ai  H 
ought  to  do,  and  the  work  of  cutting  to  proceed  with  accuracy  and  safetjr. 

Mr.  Smarty  di  the  Ordnaace-wharf^  Westmimtari  ta 
made  some  very  useful  improvements  in  the  art  of  turmj^f 
and  particularly  has  stnic^  out  a  single  method  of  toraaf 
cylinders  and  cones  in  wood. 

Tlis  tumihg  machine  Is  UlusCtaled  in  figs.  339  and  340,  w4itt«  the  lali « 
stiles  L,  the  pappets  A  B,€^e  cheeks  o  o,  the  pikes  and  screwa  M,  )^  B> 
with  the  handle  D,  are  but  slightly  varied  brom  the  osnal  constradioi* 
Round  the  mandrel  "E  passes  a  band  F  F,  which  abo  encompasses  a  Uxp 
Wheel,  ridt  shbwn  in  the  figure ;  and  when  this  large  wheel  is  turned  rouw 
^th  (nod^rafe  swif^ess,  it  communicates  a  rapid  velocity  to  Ae  mandrel  E| 
and  the  lort^  pkcfe  of  wood  G,  whieh  is  pnpMed  to  be  made  cytindrnsi. 
This  piebe  is  previ^uaty  HgWXi  into  en  octagonal  form.  The  cutting  frame  H 
contains  a  sharp  iron  tool,  which  is  to  answer  the  purpose  of  thi  commoa 
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tmiui^  l^ge,  and  which  is  fitted  into  the  fiame  so  is  to  project  a  little  be- 
jond  its  innerpart,  after  the  manuar  of  a  carpenter's  plane-iron  for  round  or 
ogee  work.  Tnen,  while  the  piece  G  is  turning  swiftly  round  by  a  roan 
working  at  the  great  wheel,  another  man  pushes  the  name  H  eently  on 
from  Ltowards  M,  tht  Jo«eer  part  of  that  {mme  ^Hing  between  the  cheeks 
•  o,  and  sliding  along  between  them.  By  Um  process,  the  piece  G  is  re- 
duced to  %  cylinder,  moderately  smooth ;  andj  in  order  to  renaer  tbe  smooth- 
ness S0  oomplete  as  need  be,  aaeoond  cutteiv  aad  its  frame  I,  n^^ftpi^  to  a 
raiher  smaller  cyVodtr  than  the  fofmt^  i»  pisl»^  aJ^K  ui  like  mannar 
from  L  to  M.  This  o(>enuion  qoay  be  i^eicioJ^med  ^itb  such  ipee4#  that  a 
▼efy  accurate  cylinder  of  six  feet  long,  and  fou^  inches  diameter,  n^ay  b^ 
t%ed  to  the  lathe  and  turned  in  much  h^  than  s(  minute. 

Mr.  Smart  turns  a  conical  end  to  one  of  tJtese  cylinders  witk 
neat  bciHty,  by  means  of  a  cutting-blade  fixed  in  an  iron  hol- 
u>w  conical  frame  K,  the  smaller  end  of  nAioh  admits  the 
pike  from  tke  screw  S^  frg.  340,  to  whieh  one  end  of  the  cy- 
Dnder  6  is  attached ;  as  the  cyfinder  turns  rapid^  round,  the 
cotter  K  is  conducted  gently  along  it  by  means  of  the  hollow 
firvne,  and  soon  gives  the  conical  shi^  to  the  end  of  the 
cylinder,  as  required. 

Some  u^portant  directions  for  tumkig  screws,  ovals,  cubes^ 
vose-work^  swath-work,  &c.  may  be  seen  in  Mqmoh^s  Mechanic 
JSxercaes:  see  also,  *'  Tour  pour  faire  sans  Arbre  toutes 
Sortea  de  Vis,''  pear  M.  Orandfeau,  in  ^^  Mecuml  des  Machines 
et  bweniions  approuv^  par  CJdcad.  Bjoy.  des  ScunceSj** 
tom.  T. ;  and  Mr.  Healy's  method  of  cutting  screws  in  the 
common  turning-lathe. 

Previously  to  entering  upon  the  several  branches  of  our 
manufactures,  where  machmery  wiU  be  found  in  its  most 
complex  state,  it  may,  perhaps,  be  considered  not  f^to- 
getber  irrelevant,  if  wc  take  a  cursory  view  of  the  maimer  is^ 
which  we  have  conducted  the  reader  thus  far.  In  tbe  first 
{dace,  we  have  taken  up  the  subject  bv  treating  of  the  Me- 
danic^l  Powers,  and  the  attributes  oi  matter,  as  if  he  were 
totally  unacquainted  with  the  science ;  and  having  given  him 
eveiy  necessary  information  with  respect  to  the  nindapiental 
piiDciples,  have  then  proceeded  to  demonstrate  the  Moving 
Powers  \  thus  progressively  leading  him  on  to  a  perfect  com- 
prebenrioQ  of  toe  invariable  laws  of  mechanics,  before  we  have 
rentiired  to  introduce  to  his  notice  certain  tuniple  machines 
aoting,  either  separately  or  conjointly,  as  accessprs  to  our 
manufactures.  These  we  have  now  also  portrayed,  and  so 
amply,  that  we  feel  satisfied  he  will,  though  totally  destitute 
of  the  science  at  the  commencement,  \>t  able  Aillv  to  compre- 
hend and  appreciate  the  several  excellencies  of  the  vax^pus 
coobinatioiit  which  will  now  be  unfolded  to  h|ro. 


'  Digitized 


by  Google 


338  THB  OPBRATIYE  MECHANIC 


IRON  MANUFACTURE. 

Works  for  the  manu&cture  of  iron,  owing  to  the  great 
ftums  necessary  to  be  expended  in  their  erection,  have,  till 
within  these  few  years,  been  confined  to  a  very  limited  scale ; 
but  the  spirit  of  enterprise  which  has  of  late,  and  more 
especially  since  the  French  revolution,  manifested  itself  in 
nearly  the  whole  of  our  manu&ctures,  conjoined  to  the  im- 
mense capitals  acquired  by  many  individuals,  and  the  difficulty 
of  employing  them  to  a  better  advantage,  have  given  to  the 
manufacture  of  this  highly  valuable  metal  a  more  decibivt 
character,  \ 

The  ores  from  which  the  metal  is  extracted  are,  in  this 
country,  found,  in  general,  to  consist  of  iron  united  with 
oxygen  and  various  ^proportions  of  earthy  matter. 

The  earthy  matter  in  a  state  of  combination  with  the  iron  may 
be  divided  into  two  classes ;  the  oue  called  argillaceous,  from 
abounding  in  excess  of  alumine,  or  clay ;  the  other  calcarfousj 
from  abounding  in  lime.  The  former  is  by  far  the  most 
common  ;  indeed  it  is  owing  to  the  ore  being  so  frequently 
met  with  in  an  argillaceous  state,  that  iron-mafiter^  are  so 
very  inattentive  to  its  qupdity,  and  that  we  sometimes  see 
tiieni  use  limestone  as  a  flux  when  the  ore  already  abounds 
with  calcareous  ingredients. 

Both  lime  and  clay,  when  s^pa^tely  subjected  to  the  usual 
^cat  of  the  bl^t-fiiruace,  are  infusible  ;  but  on  being  mixed 
together  in  certain  proportions,  are  too  fusible  even  for  the 
common  purposes  oi  brick-making.  An  alloy  of  two  metals 
is  also  fusible  at  a  temperature  much  less  than  the  arith- 
metical mean  of  the  metals  themselves. 

Such  being  the  case,  it  is  much  to  be  regretted,  that  iron- 
masters, in  general,  are  so  very  ignorant  of,  and  inattentive 
to,  the  fusibilitv  of  the  different  combinations  of  the  iron  ores, 
which  causes  them  so  frequently  to  be  at  a  loss  what  to  add 
to  th^  furnace  in  order  to  produce  the  most  fusible  cinder. 
An  analysis  of  the  ore,  by  which  they  might  learn  the  relative 

f>roportion8  of  its  earthy  constituents,  and  the  quantity  of 
imestone  or  clay  to  be  added  as  a  flux,  would,  bi  the  end, 
prove  much  to  their  advantage.  ' 

In  the  usual  process  of  smelting,  the  coke  is  always  a  fixed 
quantity,  and  the  proportions  of  ore  and  limestone  are 
varied  according  to  the  quantity  of  iron  to  be  made,  auu  tl^t 
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working  order  of  the  furnace.  In  proportion  to  the  quantity 
of  lime  and  ore  that  is  added  to  the  standard  quantity  of  the 
coke,  the  furnace  is  said  to  carry  a  greater  or  less  burthen. 
Some  furnaces  carry  so  little  burthen  as  not  to  produce  more 
than  13  or  14  tons  |>er  week;  whilst  others,  with  the  same 
aized  furnace,  will  yield  60  and  even  70  tons  in  an  equal  time. 
The  burthen  of  the  last-mentioned  fiimares  is  very  great,  the 
ore  to  the  coke  being,  in  some  cases,  as  13  to  7*  The  quality 
of  the  iron  is  imiformly  inferior. 

The  burthen  of  the  furnace  will  vary  according  as  the  iro?i 
to  be  made  is  required  to  possess  more  or  less  carbon ;  for 
instance,  in  making  No.  1,  or  the  best  iron,  which  coutainv 
the  greatest  portion  of  carbon,  the  burthen  must  be  consider- 
ably less  than  that  required  to  make  less  carburetted  iron,  or 
what  is  called  white-iron,  or  forge-pig. 

To  afford  a  general  idea  of  the  proportions  of  the  materials,, 
we  shall  state  the  quantities,  given  ov  Mr.  Mushett,  as  used 
at  a  blast-furnace,  making  good  melting  iron,  which  is  of  an 
intermediate  quality  between  No.  1  and  the  forge-pig.  llie 
ore  is  anpllaceous,  containing  on  the  average  about  2J  per 
cent,  of  iron  ;  the  coal  rather  soft,  but  not  very  bituminous, 
and  contains  a  lai^  proportion  of  carbonaceous  matter ;  and 
the  limestone,  which  is  ttiat  abounding  in  shells,  from  Critch, 
in  Derbyshire,  is  very  good.  It  works  with  a  bright  tuyere, 
and  receives  from  the  blast  about  2,500  cubic  feet  in  a 
minute,  through  a  circular  aperture  of  2|  inches  in  diameter. 

It  is  usual  at  this,  and  most  other  furnaces,  to  divide  the 
men  into  two  classes,  one  class  to  relieve  the  other  every 
12  honrs;  these  periods  are  called  shifts.  The  average 
charges  of  coke  per  shift  are  50  (each  2^  cwt.)  or  about 
six  tons.  The  quantity  of  cakiqed  ore  for  the  mann&cture 
of  good  melting  iron  is  upon  a  par  with  the  coke ;  and  for 
forge-piff,  or  the  least  carburetted  variety,  six  of  coke  to 
seven  of  ore.  The  limestone  unbumt,  under  the  same 
circumstances,  is  to  coke  as  4  to  11;  and  for  melting 
metal,  retains  a  similar  ratio.  With  the  above  charge  per 
day,  that  is,  for  twelve  hours,  this  furnace  makes  on  the 
average  about  40  tons  melting  iron  per  week. 

After  the  ore  is  dug,  it  is  drawn  m>m  the  pit  by  the  power 
of  steam-engines ;  it  is  then,  in  order  to  extatict  the  arsenic 
and  sulphur,  subjected  to  a  process  called  roasting.  This 
process  consists  m  layinff  the  ironstone  in  strata  with  refuse 
pit-cool,  called  in  Staffordshire  sUtck,  and  setting  fire  to  it  on 
^  windward  side,  burning  it  in  lai^  heaps  in  the  open  air. 

VVhen  the  ore  has  been  roasted,  it  is  taken  to  the  8n)eltin| 
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or  blast  furnaeej)  the  Iqwer  part  of  which  k  filled  witb  otto 
charcoal  or  coke ;  the  coke  10  always  a  fixed  qwustily,  and 
the  proportioa  o(  liinestoae  added  to  the  ore  U  accfwiog  to 
the  qnAntity  of  heterogeneous  matter  with  which  the  aistftlii 
combiaed. 

A  •ectioD  of  the  btotrfiuoace  w  tepetieolwl  m  fly  »*6w  i|»alti)stflp 
of  the  iWoaoe,  u  aa  ooeamg  for  the  intcoductioa  of  ih%  mate iiili  \  B^  m 
body  of  the  furaece ;  C,  the  place  where  the  bla3t  is  iotioduc^  audD^ 
a  cavity  to  receive  the  metal  wneo  released  ficom.  ^e  earthy  matter. 

TThe  materiak  10  the  furnace  ave^  pvevioMslv  t#  tbeifitro* 
duction  of  the  blasts  heated  sknplgr  by  the  oran^  of  Ikt 
aimos^ere^  the  coke  and  limestone  to  a  bright  ced  oc  iHm^ 
heat,  and  the  in>o-«re  to  a  nKelticig  heat. 

When  the  blset  is  u^rodueed^  1^  metal  iamiediaitdy  above 
it  is  brought  into  a  state  of  fiisipn^  and  penelpr^tee  tikrongl 
the  fuel  into  the  eavity  D.  The  ort  and  fuel  tbfl^  \fe7e  shore 
it  sink  down  to  fiU  up  the  apace  leh  by  the  ore  v^teA  vd 
tJbe  fud  consumed.  This  next  comes  wder  the  opevatipii  of 
the  blasts  and  is  similarly  reduced. 

Hie  men  who  attend  the  foroaee  b9Qp  adding  fml%  Qn%  as4 
lioMStone^  through  the  openiAg  A,  at  the  t^  mi  At 
operation  of  smelthig  goes  on»  until  the  melted  iron*  m  tin 
oavity  p,  rises  neari^  to  a  krel  with  Ifae  tuyer^^iiomf^  m 
ptast-pipes* 

The  melted  ieon  is  ^eii  tMipedj  by  dntnag  «  rwmi-^^UM 
bar  into  a  sort  of  loanv  wite  which  the  hole  is  stopped^  ¥d 
run  into  moulds  made  in  sand ;  b  this  sta*«  it  }s  c^kd  pg 
or  cast-iron. 

Whm  the  slag>  in  smelting,  haa  a  greeniab-^rey  appeyw 
anoe^  it  is  a  certain  si^  that  the  furnace  is  ii|  exeelkvt 
nrder ;  and  when  the  eQlow  dwagvs  to  black,  it  denotes  tM 
something  is  going  wrong* 

la  maUag  the  be«t  iron,  caUed  No.  1,  whi^h  possesses  ik/f 
gfcatest  quantity  of  oarbon^  it  fi?equently  happen^  thsl  a 
portion  of  the  iron  will  unite  with  a  great  excess  oS  carhoQ) 
an^  as  this  oarbufct  is  lew  fi^sible  ti>an  the  iroai  it  will^  pie* 
viously  to  the  iron  enteruig  into  the  pig-moulds>  be  se^s 
floating  at  the  Ujip  in  tbe  form  of  scales.  The  appeanmee  (d 
AiM  substance,  called  by  the  workmen  Ukh,  is  a  s^  that  the 
fiiraace  is  iieoiddng  th«  best  sort  of  iron ;  iade^  it  is  10 
eommon  an  atteqcbmt  on  the  nrodiyrtion  ci  the  most  ha^j 
earbonized  inm,  that  fhe  wonimcn  have  ftpplied  the  Ism 
kisky  to  that  peculiar  sort  •!  irosu 

Tlie  limestane  aad  the  eartibs  being  much  Hgbter  than  Uif 
ipelaly  float  npon  its  susfacei  wd  ^raitoUy  rialngai  the  metal 
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Ikccotmikbted,  1b  nltiiuateljr  diBcbargcd  over  a  dam-tttone, 
irfakh,  tbougii  ftt  right  angles,  we  bare  represented  by  tlie 
doited  lioec  enclosing  the  letter  I.  T  is  called  the  fytnp- 
sione,  and  forms  a  bridge  over  the  cavity  in  which  the  Uqnid 
ebider  rises ;  ^  is  the  fymp-plate,  to  give  the  stone  ^ater 
fcmaess,  as  e,  which  is  called  the  dam-plate,  does  tiie  dam- 
st<uie.  The  dnder^.if  not  taken  to  rntni.  the  roads^  is  thrown 
mway  as  nsdess^ 

Sometimes  two  blasts  are  introduced,  as  may  be  seen  in  fig.  347.  That 
Uast,  and  that  iiiniace,  whidi  can  reduce  the  greatest  quantity  of  ibel  in  t 
eevtaia  time,  will  always  produce  the  greatest  quantity  of  iron. 

The  blast  convened  into  the  furnace  is  from  1^000  to  4,000 
feet  per  minute ;  and  it  is  worthy  of  remark,  that  the  qoantity 
iji  metal  fused  does  not  s^ree  with  the  ratio  of  the  blast ;  for 
insCance,  a  blast  of  1,500  feet  per  minute  will  manufacture 
SO  tons  ot  melting  ironper  week ;  a  blast  of  3,000  only  30 
tons,  and  a  blast  of  6,00(h  which  is  double  the  last,  and  four 
times  the  amount  of  the  nrst  blast,  only  36^  tons  per  week  ; 
and  aj^^9  a  blast  of  2^  lbs.  per  square  inch  will  manufacture 
from  22  to  25  tons  per  we^ ;  while  two  pipes  of  the  same 
diameter  as  the  last,  with  a  bliMSt  of  3  lbs.  per  square  inch, 
will  never  exceed  30  tons. 

In  the  summer  months,  owing  to  the  increased  temperature 
of  the  atmosphere,  the  furnaces  yield  little  better  tnan  one 
half  the  quantity  that  they  do  in  winter,  and  the  iron  is  of 
an  inferior  quality.  I|i  soDse  manu&ctories,  by  adding  a 
greater  quantity  of  fitd,  tiie  quality  of  the  iron  is  preserved ; 
but  in  others  no  addition  of  fuel  will  compensate  for  the 
deficiency  either  in  quality  or  quantity. 

In  presenting  the  section  of  a  blast- furnace^  represented  in 
%.  346,  we  do  not  pretend  to  recommend  it  as  the  best  form 
m  constmetion.  Different  iron-masters  have  variously  con- 
structed their  furnaces,  and  as  each  of  them  can  boast  of 
being  in  scmie  degree  successful,  it  were  needless  to  give  a 
description  of  any  particular  one ;  we  shall  therefore  briefly 
mention,  that  of  whatever  materials  the  buildings  be  made, 
care  should  be  taken  that  they  contain  no  more  moisture  than 
b  dMolutely  necessary  for  their  proper  construction. 

In  the  erection  of  the  waU,  a  space  of  about  six  indies 
should  be  left  firom  the  bottom  to  the  top  ;  in  t&is  aperture 
0maO  fragments  of  sabd-stone,  not  exceeding  the  site  of  an 
e^,  may  be  introduced,  so  tlmt  when  the  expansion,  pro- 
ceeding frtHn  the  !ke-bnik[iiig  of  the  interior,  causes  the 
bricks  immediately  in  contact  to  push  outwards,  the  masses 
of  sand-stone  are  instantly  reduced  in  sise,  and  filling  th« 
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interstices  occasioned  by  their  former  angular  shape,  occupy 
much  less  space,  and  present  to  the  flame  or  fire,  ^ould  it 
be  inclined  to  penetrate  so  far,  a  solid  vertical  stratum  of 
sand,  after  having  secured  the  expansion  of  the  furnace  to 
the  extent  of  some  inches.  The  effects  of  the  pressure  are 
thus  diverted  from  the  shell  of  the  building,  ana  lost  in  the 
pulverization  of  the  sand- stone. 

The  advantages  resulting  from  this  plan,  may  be  neariy 
doubled,  by  using  a  double  lining  of  fire-bricks,  between  each 
of  which  and  the  common  building  a  similar  vacancy  should  be 
left,  but  filled  with  sharp  sand,  containing  no  more  moisture 
than  serves  to  compact  it  in  a  firm  body ;  as  this  moisture 
becomes  gradually  expelled  in  the  slow  heating  or  annealing 
of  the  furnace,  th^  sand  occupies  less  bulk,  or,  which  is  the 
same  in  effect,  is  then  susceptible  of  a  greater  degree  of  com- 
pression when  the  gradual  expansion  of  the  furnace  comes 
on.  It  is  evident  tiiat  the  force  is  here  also  diverted  agaiufit 
the  sand,  in  place  of  acting  immediately  with  a  tendency  to 
enlarge  the  circumference  of  the  building. 

Over  and  above  these  precautions,  the  annealing  or  drying 
of  the  furnace  in  a  progressive  and  regular  manner  ought  to 
be  carefully  attended  to^  and  continued  for  two  or  three 
months  at  least. 

Many  methods  have  been  adopted  to  obtain  a  regular  and 
unifonn  blast.  The  first  that  we  shall  notice,  and  which  is 
in  pretty  general  use,  is,  by  discharging  the  air  from  the 
blowing-cylinder  into  an  intermediate  cylmder  of  larger  dii* 
meter,  called  the  regulator ;  in  thi^  vessel  is  a  loose  piston, 
which  is  forced  up  by  the  cur  firom  the  blowing-cylinder,  and 
bein^  weighted,  it  descends  during  the  returning  stroke,  and 
contmues  to  press  the  air  into  the  furnace,  by  which  means 
a  more  steady  and  uniform  blast  is  kept  up  than  would  be 
effected  by  the  first  cylinder  alone. 

As  this  method  of  regulating  the  blast  has  been  found  to 
be  far  from  perfect,  other  means  have  been  resorted  to  with 
a  view  of  obtaining  the  desired  end.  The  one  called  the 
water-regulatm:  consists  of  a  li^ge  cistern,  in  which  another 
of  less  area  and  capacity  is  inverted.  Through  the  bottom 
of  the  smaller  cylinder,  which  is,  from  its  being  inverted, 
uppermost,  a  pipe  communicates  with  the  blowing-cylinder. 
This  inner  cistern  is  filled  with  water,  as  is  also  the  space 
between  the  inner  and  outer  cistern  to  the  same  level.  Now, 
supposing  the  air  to  be  forced  from  the  Mowing-cylinder 
through  the  above-mentioned  pipe  into  the  inner  cistern,  the 
W^ter,  being  displaced  by  the  air,  will  descend  in  the  inner 
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cistern,  and  rise  up  between  the  two  vessels  till  the  column 
of  water  on  the  outside  be  equal  to  the  required  force 
of  the  blast ;  this  column  would  be  about  4  lbs.  upon  a  square 
mch,  and  about  niue  feet.  Another  pipe  proceeds  from  the 
same  cavity  in  the  inner  vessel  to*  the  furnace,  and  com- 
municates nearly  a  uniform  blast,  varying  only  with  the  outer 
column  of  water,  which  will  be  less  as  the  outer  surface  of  the 
water  is  greater. 

This  contrivance,  though  for  some  time  considered  an 
im^rtant  discovery,  has,  in  many  instances,  been  abandoned^ 
owmg  to  its  carrying  water,  both  in  a  st^te  of  spray,  produced 
by  the  stfitation,  and  in  a  state  of  vapour,  into  the  furnace, 
by  whi(m  both  the  quality  and  quantity  of  the  iron  was 
materially  affected. 

Another  mode  has  been  attempted  to  equalize  the  blast, 
called  the  air- vault.  The  first  experiment  of  this  nature  was 
tried  at  the  Clyde  iron-Avorks^  by  excavating  a  large  cavity 
in  a  rock,  into  which  the  air  vras  forced  by  the  blowing 
machuie ;  but  the  trial  was  unattended  by  success,  partly  from 
the  vault  not  being  air-tight,  and  partly  from  ike  moisture 
which  exuded  from  the  rock  mixing  with  the  air. 

A  more  successful  experiment  was  made  at  the  Carron 
iron-works.  An  air-vault  of  wr6ught-iron  plate  has  been 
empbyed  in  one  of  the  furnaces  at  Bradley,  m  Staffordshire, 
which  impears  to  answer  very  well.  Its  rorm  is  a  cylinder 
about  10  or  12  feet  diameter,  and  50  or  60  feet  long. 

Aocordiiig  to  an  average  deduced  ftom  a  series  of  experiments  made  by 
Mr  DiTidMushett,*  it  appean,  that  when  the  outer  air  was  from  63^  to  68^, 
the  tir  immediately  after  its  escape  from  the  blowing  cylinder  into  a 
recttting  vessel,  was  increased  from  63°  to  90°,  and  from  68°  to  99§°.  In 
tn  aTertge  of  thirty  experiments  the  air  in  the  act  of  condensing  was  raised 
30^.  Imt  would  have  the  effect  of  increasing  its  volume  not  less  than  ^ 
of  the  whole,  and  the  increased  pressure  of  the  blast  by  this  cause  alone, 
would  be  nearly  half  a  pound  upon  an  inch.  Or,  in  other  words,  if  the 
^  were  introduced  into  the  furnace  at  60°,  the  same  quantity  would  be 
admitted  with  half  a  pound  less  pressure  upon  an  inch  than  if  it  were 
^*  Hence  any  means  of  cooling  the  air  af\er  its  condensation,  in  all 
*^at<ms  of  the  year,  must  be  attends  with  beneficial  consequences.  If  the 
^r-nuh  were  made  of  wrougfat-iron,  and  its  suHace  constantly  kept  wet, 
^  evaporatioa  frxim  so  great  a  surfitoe,  if  freely  exposed  on  all  sides  to  the 
^t  would  cool  the  air  very  considerably.  Indeed,  without  the  aid  of  the 
Bu>isuire,  the  effect  would  be  such  as  to  recommend  its  adoption.  It  was 
Mippoied,  that  in  the  summer  season  there  would  be  some  advantage  in 
^ogiag  the  air  under  ground  for  a  considerable  distance  before  it  entered 
the bloinng  machuie;  but  the  resistance  arising  from  the  friction  on  tht 

*  EdMmr^k  Sncydopmdim,  Dr.  Brewster,  4to. 
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fidtf  of  th«  channels  tlutMgh  whidi  it  aust  pai$  hit  been  foumi  to  bt  tt 
phstacle  that  oveuules  it. 

Hm  pig-iron  wbieh  has  the  smallest  portion  of  caibon  is 
the  best  adapted  for  oon version  into  malleable  iron :  and  as 
a  f99of  that  the  pig^ifon  has  only  to  lose  its  carbon  to  become 
naUeablc,  we  st^lstate  the  Citct,  that  we  have  in  this  country, 
at  this  present  tioae,  many  manufactories  upon  a  large  scale, 
for  the  express  purpose  of  converting  articles  made  of  cast- 
iron,  eudi  asvaak,  cutlery,  &c.  into  iron  perfectly  malleable, 
without  fHUsoog  in  the  slightest  .degree  the  figure  g^en  to 
them  in  iht  eaating.  We  have  eve9  seen  ua^s  made  In  Uiis 
way  welded  together,  and  when  cold  bent  at  right  angles  in 
atice. 

The  method  of  releasing  the  pig-iron  of  its  carbon,  or  of 
cottvi&iiit^it  into  what  is  caUed  tpraugbt  or  maileabk  mm 
w^  jby  plaein^  it  in  an  open  fumace,  termed  a  refinery y  and 
bj  some  a  run^<mt  furnace^  heated  by  cokps,  and  subjected 
to  the  operation  d  a  verjr  powerful  blaat.  The  piK-iroa  ii 
kid  upon  tiie  cokes,  and  is  soon  ^eked^  leaving  much  of  iu 
mipiirity  behind.  This  is  termed  refinm^  U.  The  metal 
when  melted  U  run  into  p)ate%  about  Uhxt  Mni^hes  tfaidc^  and 
aa  soon  as  it  beconsos  set,  is  thrown  into  watei:,  which  makes 
1^  wore  f flac^ibk,  and  eaaier  to  be  broken. 

The  Befiniog  liiniaoeisfepieseBtsdisifigs.  dCBAod  S49.  AifAnen, 
«ir  troLtgt^  made  of  Atst  metal>  bfyripg  a  botlom  of  6re«6taDe  or  bricL 
This  recess  is  .surroiiiidedpn  .tbiee  side^  by  9.  caanty,  tHroup;K  i^rhioh  inter 
is  constantly  passing  from  the  cistern  C;  p;i  are  two  pipei  conoectcfi 
with  the  -blcniring  madune,  and  enteOBg  into  eonicii  «pc«itiigs  m  Ibe 
tefiamg  Ibmaoe.  These  pipes  wm  iMpt  oool  by  water  ma  the  pipe  A 
which  runs  off  at  the  pipe  i  ec  B  is'a«halbwfeoess^a]Miiiib|viDdM9 
deep,  to  receiTe  the  melted  mass. 

When  thye  cake  of  nietal  is  broken  into  lumps  of.  a.coD- 
venient  size^  it  is  taken  to  the  puddling  furuaee,  where  it  is 
heated  with  coals,  without  the  aid  of  an  artificial  blast  As 
soon  as  ^he  metal  becoraeif  heated,  and  begins  to  »dty 
or  has  a  frosty  appearance^  the  fiiniaceman  throws  in  t 
smaU  quantity  of  water  to  keep  it  at  a  proper  temperature, 
and  keeps  ^drring  and  moving  it  about,  so  that  the  carboa 
makes  its  eseape.  The  water  that  is  tiurown  in  to  presene 
the  temperature  ateo  assists  m  some  degree  the  decarboni*- 
tion.  The  qualltv  of  Iron  depends  jnujdh  upon  the  attentioD 
that  is  paid  to  it  duriv  thispcocesi. 

*Whea  ithe  ioon  Is  dopiavied  <tf  the  carbon^  or  (iiaUefCVK 
perty  it  before  possessed,  the  ftiraaceman  xoUs  it  up  lo^ 
balls  of  one  half  or  tbme  quartfivs  oiM  cwt.  each.    It  is  then 
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tronglit  out  xA  the  iuniace  and  placed  tinder  a  tilt-hammer, 
tnr  passed  through  the  rolls,  or  rollers,  which  consolidates  it, 
tttdibrces  out  more  of  the  impure  parts.  A  considerable 
loss  in  weight  is  sustained  in  th»  process,  not  only  from  the 
von  bsing  its  impurities,  but  also  from  the  surface  of  the 
bloom  or  bar  oxydi2ing  and  falling  off  in  scales  whilst  being 
waited.  The  loss  which  is  thus  sustained  in  weight  is 
gtmerally  estimated  at  one^sixth  or  one-seventh  of  the  whole. 

A  section  and  elevation  of  the  puddline  fiiraace  is  represented  in'iig.  350. 
A  is  the  door  for  the  admission  ot  metal,  having  a  small  square  hole  A,  ittt 
!0K  introduction  of  the  rake  and  other  tools  used  l^  the  fumaoeman.  B  is 
Ihe  c^naejr ;  C  the  ash-pit ;  and  D  the  grate.  At  £  is  a  circular  cavity, 
■whtre  die  prepared  metal  is  kid,  and  the  flame  passes  ov^r  it  up  the 
chimney  6.  The  heat  of  the  fiimaoe  is  so  intense  that  without  having  the 
door  for  a  guaid^  and  the  small  hole  h  for  the  introduction  of  the  imple- 
ments, the  faniaceman  could  not  approach  it ;  nor  indeed  can  he  as  it  is 
without  suffering  great  inconvenience.  The  hole  is  also  of  use  for  him  to 
look  into  the  iuraace  to  observe  how  the  work  is  going  on.  At  first  the 
light  is  too  intense  to  be  borne,  but  by  practice  the  eye  at  length  becomes 
accustomed  to  it,  and  is  able  perfectly  to  distinguish  the  different  masses  as 
ithey  hy  in  the  fufnace. 

Hie  iron  having  undergone  this  process  is  taken  to  the 
shears  and  cut  into  lengths  of  about  one  or  two  feet^  and  in 
ord^  to  impart  closeness  and  solidity  is  piled  into  pieces  of 
iseven  (ht  eight  together^  and  heated  in  another  furnace,  very 
wnilar  to  the  one  just  described.  Thect  is  no  occasion  this 
time  to  remove  them  about,  for  the  iron  having  lost  its 
oacbon  is  infusible.  When  it  is  of  a  sufficient  heat,  which 
4ii&  fimubeeman  feom  furactice  can  easily  tell  by  his  eye,  it  is 
again  brought  to  either  the  hammer  or  the  rollers,  and  is 
voiked'into  %  bar.  This  is  called  No.  2  iron.  Again,  further 
to  iBiprove  the  qusOiitv,  it  is  cut  up,  piled,  and  worked  over 
4igBia;  %oA  is  then  called  No.  3,  or  best  iron.  The  more  the 
ifOQ  is  woiked  the  purer  it  becomes,  and  the  grain  becomes 
more  closely  united ;  but  of  course  it  becomes  more  expensive. 

Two  kinds  of  hammer,  moved  by  machinery,  are  used  in  iron-works. 
Hie  oae  called  the  forge-hammer  is  represented  in  fig.  353.  The  first 
iMversrres  motipn  to  the  shaft  A  A,  by  means  of  a  cog-wheel  acting  upon 
^  Bbion  B.  Hie  shaft  is  regulated  l^  a  fly-wheel  C,  and  has  at  the 
imer  cad  a  number  of  cogs,  which  by  passing  under  the  shaft,  or  helve,  D, 
M  the  hammer  £.  F  is  a  strong  horizontal  beam,  inserted  in  the  post  G, 
«ri  loaded  with  heavy  pieces  of  metal,  at  H,  to  prevent  it  receiving  motion 
TfriMtlie' hammer.  Another  large  beam  of  wood,  made  of  either  oak,  or 
laih,  hut  taoet  fre^^ieatly  the  latter,  a  inserted  in  the  pos^  IK.  The 
btinmer  in  its  ascent  strikes  against  this  beam,  called  the  rabbit,  which 
^  its  eksticity  reads  upon  the  hammer,  and  causes  it  to  descend  with 
greater  vidoctty  than  would  be. produced  by  gravity  ak>ne. 

*     The  construction  of  a  tih-hammer  differs  from  that  of  tke 
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forge,  by  being  poined  on  a  centre  of  motipn,  about  the  middlf) 
or  two-thirds  of  the  length  of  the  helve  fh>m  the  head,  and 
from  receiving  its  motion  from  cogs  acting  upon  the  tail  of 
the  helve.  In  some  few  cases  tlie  ash  spring  is  placed  over 
the  head  of  the  hammer  similarly  to  that  above  described ; 
but,  in  general,  the  tail  of  the  helve  is  made  to  strike  against 
a  fixed  floor,  and  th^  hammer  from  the  force  it  has  received 
continuing  to  rise  after  the  tail  strikes  the  floor,  the  halve 
bends^  and  bv  its  elasticity  causes  the  hammer  to  descend 
with  greater  force  uponthe  anvil. 

The  tUt'hammer  it  represented  in  fig.  354.  It  is  taken  Trom  a  tih-oiH 
ipade  at  the  Carron  iron-works  in  Scotland,  after  designs  of  the  cel^>iited 
Mr.  Smeaton.  It  is  adapted  for  forging  iron  into  bars.  The  deschptkm 
IS  extracted  from  Dr.  Bees's  Cyclapctdia. 

Having  described  the  manner  in  which  the  tilt^iammer  is  connected 
with  the  first-mover,  (drawings  of  which  may  be  teen  in  the  woik,)  the 
author  proceeds  to  explain  the  figure  above  referred  to ;  e  the  iron  hi»4  of 
the  hammer,  /  its  centre  of  motion,  and  d  the  tail  or  extreme  end,  upon 
which  the  cogs  of  the  wheel  act,  and  which  is  plated  with  iron  on  the  uppe 
tide,  to  prevent  it  fi^om  wearing. 

P  is  the  anvil-block,  which  must  be  placed  on  a  very  firm  foundation,  to 
resist  the  incessant  shocks  to  which  it  is  subjected:  the  centre,/,  or  axis 
of  the  hammer,  is  supported  in  a  cast-irou  frame  ghy  called  the  biift 
When  the  cogs  of  the  wheel  strike  the  tail  of  the  hammer  suddenly  down, 
and  raise  the  head,  the  lower  side  of  the  tail  of  the  hammer  strikes  upon  t 
support  fi,  which  acts  to  stop  the  ascent  of  tlie  head  of  the  hammer  e,  wiws 
it  arrives  at  the  desired  height ;  but  as  the  hammer  is  thrown  up  with  t 
considerable  velocity  as  well  as  force,  the  effort  of  the  head  to  continue  its 
motion,  after  the  tail  strikes  the  stop  n,  acts  to  bend  the  helve  L  of  the 
hammer,  and  the  elasticity  of  the  helve  recoils  the  hammer  down  upon  the 
anvil  with  a  redoubled  force  and  velocity  to  that  which  it  would  acquiie 
from  the  action  of  gravity  alone. 

To  obtain  this  action  of  recoil,  the  hirst  g  k  must  be  held  down  as  firmlj 
as  possible ;  and  for  this  purpose,  four  strong  iron  bolts  are  carried  down 
from  the  four  angles  of  the  bottom  plate  A,  and  made  fast  to  the  solid  basts 
of  stone  R  R,  tlpon  which  the  whole  rests ;  upon  this  basis  are  placed  fan 
layers  of  timber,  t  A  /  m,  which  are  laid  one  upon  another,  and  ue  timbeis 
of  each  layer  are  laid  cross-ways  over  the  others.  Each  layer  consists  of 
several  pieces  laid  side  by  side,  and  they  are  slightly  treenailed  together,  to 
form  a  platform.  'Each  platform  is  rather  less  thiuithtt  upon  whidi  it  rests, 
90  as  to  form  a  pillar  of  solid  timber ;  on  the  top  of  which  the  hirst-frame, 
g  fly  is  placed,  and  firmly  held  down  by  the  four  bolts,  which  descend  tfaroa|^ 
all  the  platforms,  and  have  secure  fastenings  in  the  solid  masoniy  beoeoflL 

The  stop  ft  is  supported  by  a  similar  pillar,  but  smaller,  axkd  composed  of 
three  layers :  the  upper  piece  n,  whicn  is  seen  cross-ways,  it  tboat  tbiw 
feet  long,  and  the  under  side  is  hoIloWed,  so  that  die  piece  bears  oidy  upon 
the  two  ends,  leaving  a  vacancy  beneatli  it,  whfdi  occasions  it  to  beaa  or 
sprins^  every  time  the  tail  d  of  the  hammer  strikes  upon  it,  and  this  aids  the 
rccoilins:  action  very  much. 

The  axis  on  which  the  hammer  moves  is  formed  by  a  ring  df  cast-iron, 
through  which  the  helve  of  the  hammer  is  put,  and  held  fast  by  wedging 
round  it.    The  ring  has  a  projecting  trunnion  on  each  side,  ending  in  an 
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Obtuse  conical  point,  which  is  reMived  in  a  socket  firmly  fixed  in  the  hirst- 
fnime  ^  A,  bv  screws  and  wedges,  one  of  which  is  seen  at  r.  These  two 
sockets  are  thus  capable  of  adjustment,  so  as  to  make  the  hammer  face  fall 
flat  upon  the  anvil. 

In  the  Carron  iron-works,  three  hammers  are  worked  from  the  same 
^aft.  In  such  case  it  is  necessary  to  have  the  three  wheels  that  com- 
municate motion  to  their  respective  hammers  of  different  sizes  and  numbers 
of  cogs  to  produce  that  velocity  in  each  hammer  which  is  best  adapted  for 
the  work  it  is  to  perform ;  thus  the  wheel  for  the  hammer,  which  is  repre- 
sented in  fig.  352,  has  eight  cogs,  and  therefore  produces  eight  blows  of  the 
banuner  for  each  revolution  of  the  fly-wheel;  the  wheel  for  the  middle 
hammer  has  12  cogs;  and  the  wheel  for  the  smaller  hammer  16;  the 
latter  will  therefore  make  two  strokes  for  every  one  of  the  great  hammers. 
In  fixing  the  three  wheels  upon  the  great  shaft,  care  is  taken  that  they 
shall  produce  the  blows  of  the  different  hammers  in  regular  succession, 
and  equalize  as  much  as  possible  the  force  which  the  water-wheel  must 
exert.  The  wheels  are  fixed  on  the  shaft  by  means  of  a  wedging  of  hard 
wood,  diivcQ  in  all  round ;  the  wood  being  capable  of  yielding  a  little  to 
the  shocks  occasioned  by  the  cogs  meeting  the  tails  of  the  hammers, 
renders  the  concussions  less  violent. 

Tbe  follomng  are  the  principal  dimensions : 

The  head  of  the  ^reat  hammer  weighs  3f  cwt.  and  it  is  intended  to  make 
150  blows  per  minute ;  it  is  lifled  17  inches  from  the  anvil  at  every  blow. 

The  middle  hammer  is  j2  cwt.  and  makes  225  blows  per  minute ;  it  is 
lifted  14*incheseach  time. 

Tbe  smill  hammer  weighs  1^  cwt.  and  makes  300  blows  per  minute ;  it 
is  lifted  only  12  inches. 

To  produce  tliese  velocities,  the  great  axis  upon  which  the  cog-wheels 
are  fixed  must  make  l&i  turns  per  minute;  and  the  pinion  upon  this  axis 
being  in  proportion  with  the  cog-wheel  upon  the  shaft  of  the  water-wheel 
as  1  is  to  3,  tbe  water-wheel  must  make  6^  revolutions  per  minute ;  the  . 
water-wheel  being  18  feet  diameter,  its  circumference  will  be  18  x  3. 1416 
a  56  .  54,  or  56§  feet ;  this  multiplied  by  6*25  is  about  353  feet  motion 
ner  minute,  or  divided  by  60  »  5*9  feet  motion  per  second  for  the  circum- 
ference of  the  water-wheel. 

The  tilt-mills  employed  in  the  manufacture  of  steel,  do 
not  have  the  great  hammer^  but  the  largest  they  use  is  about 
the  srie  of  the  middle  one^  and  is  adapted  for  welding  faggots 
of  steel  to  make  sheer  steel :  the  other  two  hammers  are 
about  the  size  of  the  smallest  just  described,  and  are  made 
to  work  much  quicker,  viz.  from  350  to  400  blows  per 
minute.  This  is  very  easily  (icromplished  by  making  the 
pmion  upon  the  fly-wheel  shaft  in  proportion  to  tbe  cog- 
wh(  el  that  acts  upon  it,  and  is  fixed  to  tbe  water-wheel,  as 
1  is  to  4. 

This  highly  valuable  metal,  having  undergone  these  pro- 
cesses, is  now  sold,  and  is  used  by  smiths  for  an  innumerable 
Tiriety  of  purposes.  Indeed,  when  we  reflect  upon  the  many 
diousands  of  men,  women,  and  children,  who  are  daily  em-i 
pbyed  in  tbe  manufiEK^tire  and  working  of  this  metal ;  wbea 
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we  conakler  tbe  immenBe  number  of  families  of  mineff^ 
melters,  refiners,  smiths,  and  other  handicraftsmen^  who,  m 
all  the  civilized  pai*ts  of  the  world,  look  up  to  this  particular 
branch  of  manufacture  for  their  maintenance  and  support; 
when  we  consider,  that  the  once  obscure  and  inconsiderabls 
village  of  Mertjiyr  Tydvil,  though  wild,  barren,  and  sterile, 
and  too  poor  to  promice  even  the  common  necessaries  of  life, 
hatf  been  peopled  ia  the  teeth  of  every  obstacle,  and,  withia 
the  space  of  seventy  years,  hoe,  tiirougb  the  matmSKCtoffe  of 
this  metal,  become  by  far  the  largest  and  most  populous 
town  in  Wales ;  we  cannot  but  rejoice  that  this  metal  Is  one 
of  the  staple  manufactures  a(  Great  Britain. 

When  this  metal  has  become  too  much  worn  to  answer 
longer  the  purpose  for  which  the  smith  designed  it,  it  is  soM 
to  the  'dealers  in  marine  stores,'  who  assort  it  into  three 
parcels;  one  called  coach-tyrey  consisting  of  the  old  tyre  of 
coach  and  other  wheels  ;  another  bushel  iron,  hcuut  remnants 
of  old  hoops,  and  different  pieces  of  iron  of  similar  nature; 
and  another  scrap  or  nH4'ir0n,  consisting  of  okl  nails,  screvsi 
nuts,  and  pieces  of  that  description. 

These  are  sold  to  the  manufacturer  to  be  remanufactured. 
The  prooesft  c^  reinanufac4nring  is  as  follows : 

Two  pieces  of  iron,  each  forming  three  sides  of  a  squaie, 
are  fixed  to  a  wooden  bench,  about  10  or  12  inches  apart. 
In  the  space  between  these  two  pieces  are  placed  two  rods  of 
iron,  about  three-eighths  of  an  inch  sqiiare,  one  rod  being 
placed  olose  to  each  of  the  [neces.  On  these  rods  are  laid 
pieces  of  old  hoop,  previously  stndghtened,  and  cut  to  the 
proper  lengths  of  12  or  14  inches,  according  to  the  intended 
length  of  the  faggot.  The  ends  of  the  hoop  rest  upon  the 
bottom  of  each  of  the  pieces  of  iron  first  described,  and  similar 
pieces  of  hoop  are  ranged  upon  each  ^de,  while  the  interior 
IS  filled  with  bushel  or  scrap  iron.  The  top  is  then  covered 
with  hoop,  and  the  whde  pressed  tightly  down,  and  bound, 
by  bringing  the  ends  of  the  three-eighths  rod  together,  and 
screwing  them  round.  This  is  termed  ^fogg9i,  being  abo«t 
12  or  14  inches  long,  and  six  inches  square. 

The  faggot  is  then  carried  to  a  furnace  not  much  unlike 
the  puddling  fiu*nace,  and  when  sufficiently  heated  is  brought 
o«it,  and  passed  through  the  rollers,  and  made  into  what  are 
called  blooms,  Thesie  blooms  are  generally  about  two  feet 
Icn^,  by  tliree  or  four  inches  wide,  and  two* thick. 

i  he  blooms  are  again  exposed  to  the  heat  in  the  bmmn^ 
and  when  at  a  proper  temperature  are  taken  <mt  and  pa«ed 
through  thf  rulWs^  either  those  reprcnttiled  in  fig.  %ls  oc 
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those  in  fig.  352,  accordingly  as  they  are  to  be  made  into 
hoojjs,  or  bars.  The  hoop-roUers  are  represented  in  fig.  351 ; 
the  bar-rollers  in  fig.  352. 


Tables  of  the  average  weight  of  ban,  squares,  and  bolts, 
10  feet  in  kt^th. 
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SQUARES. 

BOLTS. 
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STEEL  MANUFACTURE. 

WuBN  iron  has  lost  all  its  carbon,  and  has  become  mall^ 
able,  it  can  be  reimpregnated  with  carbon,  to  a  certun  extent, 
without  materially  miuring  its  malleable  properties. 

The  compound  of  iron  and  carbon  thus  produced  is  caBed 
steel. 

To  reimpreenate  the  iron  with  carbon,  it  must  be  put  into 
a  dose  vessel,  called  a  cementing  pot^  and  stratified  with 
powdered  charcoal. 

The  pots  are  made  with  a  peculiar  kind  of  stone,  termed 
Jlre-stonej  which  is  found  abundantly  in  the  neighbourhood 
of  Sheffield.  It  possesses  the  properties  of  not  being  liabk 
to  crack  by  the  heat,  or  of  entering  into  fusion.  These  poti 
in  the  interior  dimensions  are  from  10  to  15  feet  long,  ind 
firom  24  to  30  inches  square.  Each  bar  of  iron  is  6)in* 
pletely  covered  with  powdered  charcoal,  and  the  last  stratum 
of  it  is  usually  made  much  thicker  than  the  rest,  and  kept 
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dose  with  a  mixture  of  sand  and  clay,  to  prevent  the  charcoal 
from  entering  into  combuistion  with  the  outer  air.  Two  of 
these  pots  only  are  contained  in  a  furnace  at  a  time^  and  fire  is 
gradually  employed  till  the  heat  is  little  short  of  what  would 
be  required  to  fuse  the  steel. 

A  vertical  section,  and  horizontal  plan,  of  (he  converting  furnace  is 
shown  in  figs.  355  and  356.  In  both  figures  the  same  letters  denote  the 
tamepirts. 

C  C  is  the  eictemal  cone,  built  in  a  substantial  manner  of  stone  or  brick* 
vrork.  Its  height  from  the  ground  to  its  vertex,  in  order  to  procure  a  good 
draught  of  air,  should  not  be  less  than  40  or  50  feet;  and  to  procure  a  stiU 
stronger  heat  a  cylindric  chimney  of  several  feet  in  length  is  most  generally 
fixed  on  the  top  of  the  cone.  The  lovrer  part  of  the  cone,  which  may  be 
made  of  any  dmiensions,  is  built  either  square  or  octangular.  The  sides 
are  canied  up  until  they  meet  the  cone,  giving  the  fiimace  the  appearance 
of  a  cone  cut  to  a  square  or  octangular  prism  at  its  base,  and  exhibiting 
^  parabola  where  every  side  intersects  the  cone. 

Inside  the  conical  building  is  a  smaller  furnace,  called  the  vault,  built  of 
fif«-hrick  or  stone,  which  wiU  withstand  the  action  of  the  most  intense 
heat  DD,  in  the  section,  is  the  dome  of  the  vault,  and  ££  are  its 
itpri^  sides,  the  space  between  which,  and  the  wall  of  the  external  build- 
hig,  is  filled  with  sand  and  rubbish.  A  B  represent  the  two  pots  that 
contain  the  iron  to  be  converted  into  steel.  Tne  space  between  them  is 
about  one  fixH  m  width,  and  the  fire-grate  is  directly  beneath  it.  The 
pots  are  supported  by  a  number  of  detached  courses  of  fire-brick,  as 
>lK>wn  at  e  e,  m  fig.  355,  which  leave  spaces  between  them,  called  flues,  to 
conduct  the  flame  under  the  pots;  in  the  same  manner,  the  sides  of  the  pots 
are  supported  from  the  vertical  walls  of  the  vault,  and  from  each  other,  by 
a  few  detadied  stones,  represented  by/,  placed  so  that  they  msnr  intercept 
as  little  as  possible  of  the  heat  from  the  contents  of  the  pots.  Ine  adjacent 
sides  of  the  pot  are  supported  from  one  another  by  small  piers  of  stone- 
^ork,  which  are  also  perforated  to  givepaausage  to  the  flame.  The  bottoms 
of  the  pots  are  built  or  a  double  course  of^ brick-work,  about  six  inches  thick ; 
^  naes  nearest  together  are  built  of  a  single  course  of  stone,  about  five 
inches  b  thickness ;  and  the  other  parts  of  the  pot  are  single  courses  about 
^ne  bches,  the  sides  not  requiring  so  much  strength,  b^use  they  have 
less  heat  and  pressure  to  resist 

The  vault  has  ten  flues,  or  short  chimneys,  FF,  rising  from  it,  two  on 
each  side,  to  carry  ofiT  the  smoke  ink>  the  great  cone,  shown  in  fig.  350, 
conunonicating  with  each  side,  and  two  at  each  end.  In  the  front  of  the 
^^unace  an  ^lerture  is  made  through  the  external  building,  and  another 
^corresponding  in  the  wall  of  the  vault ;  these  openings  form  the  door,  at 
which  a  man  enters  the  vauK  to  put  in  or  take  out  the  iron ;  but  when  the 
^>nuioe  is  lighted,  these  doors  are  closed  by  fire-bricks  luted  with  fire-clay. 
£ach  pot  has  also  small  openings  in  its  end,  through  which  the  ends  of  two 
or  three  of  the  bars  are  left  projecting  in  such  a  manner,  that  by  only 
removing  one  loose  brick  from  tlie  external  building,  the  bars  can  be  drawn 
ovt  widtoot  disturbing  the  process,  to  examine  the  progress  of  the  conver- 
90D  from  time  to  time ;  these  are  called  the  tap-holes ;  they  should  be 
placed  in  the  centre  of  the  pots,  that  a  fiiir  and  equable  judgment  may  be 
Conned  from  their  result  of  the  rest  of  its  contents. 

«  6,  in  the  elevation,  is  the  fire-grate,  formed  of  bars  laid  over  the  ash- 
pit 1,  which  must  have  a  free  communication  with  the  open  air,  that  it 
niay  convey  a  current  of  fresh  air  to  supply  the  combustion.    The  ash-pit 
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should  also  hare  stem  dowu  to  it^  that  the  attendant  to  the  ftmaee  ma 
get  down  to  examine  oy  the  light,  whether  the  fire  upon  the  whole  kngtb 
of  Ae  grate  be  equalljr  fierter  ^o  ^  ^7  P^rt  appear  dvAX,  he  uses  along 
iron  hook  to  thrust  up  between  th»  btts,  md  open  a  F'lMte  for  the  sir. 
The  ire-Blati^ia  open  at  botk  ends*  and  has  no  doors.  tW  fit^-gnteii 
laid  nearly  on  a  level  with  the  floor  of  fta  warehouse,  b^re  the  fumssB^ 
and  the  fireman  always  keeps  a  heap  of  coalspiled  up  before  the  apertures 
at  its  ends,  so  as  td  close  (he  opening.  This  fimns  a  very  simple  and 
effective  door;  and  when  the  fhma^e  recjmres  a  fresh  supply  of  fiiel,  i 
portion  of  the  heap  of  coals  is  shoved  in  by  a  sort  of  hoe,  and  the  heap 
renewed,  to  stop  any  air  fit>m  entering  into  the  fiimace,  except  that  whick 
has  passed  upwards  through  the  ignited  fuel,  and  by  that  means  contribatod 
to  the  combustion. 

The  Are-stanes  composing  aH  thO0e  jmtt^  61  the  ftnrriaee 
which  are  exposed  16  the  actioA  of  the  beat,  are  first  htfwn 
nearly  to  size^  and  finished  bv  grinding  two  surfaces  togetbec^ 
so  that  they  make  very  perfeet  and  dose  joiato  %  wbeo  Ui 
together,  my  are  cvmented  with  wcll-»tenipered  fire-efaiy, 
^ixed  up  thin  with  water.  The  fifre-'day  which  answcw 
best  for  tnis  pilrposey  is  that  broiight  from  Stourbridge,  in 
$taffordshiny  and  is^  the  same  of  which  the  celebrated  Stour* 
bridge  cmciibfes  are  compoaed;  btxt  very  good  fire^^lay  for 
the  purpose  i«  procured  from  Birkin^Iane,  near  Chesterfield. 
Wheh  the  frimace  has  been  once  burnt,  this  clay  becomet 
e(|UaIly  hard  with  the  stone,  and  is  less  liable  to  fly  or  vitrify 
ia  an  intease  heat  than  any  other  known  cement. 

The  fianie  ad«injg  ftcftxk  the  ignited  fuel  upon  the  grate 
passes  upwards  between  fhe  pots,  and  strikes  the  dome  of 
the  vault,  from  whence  it  is  reverberated  down  upon  the 
pots»  and  ultimately  escapea  through  the  flues  or  chimoeya 
of  the  vault.  By  this  means  every  part  of  Uie  pot  id  exposed 
to  the  same  degree  of  heat,  which  is  of  great  importance. 

In  order  ijo  ascertain  when  the  cementation  is  perfect,  one 
or  two  of  the  bars,  haiving  their  ends,  as  before  described, 
projeetinff  from  the  pots^  are  taken  out  of  the  fHroace,  and 
examined^ 

The  bHsters  upon  the  sur&ce  of  the  steel,  caused  by  the 
carbonic  oxyd,*  is,  in  general,  adopted  as  a  criterion  to 
judge  if  the  metal  be  sufficiently  converted ;  but  this  is  found 
frequently  to  be  faUacbus,  and  wdi  it  may,  for  the  rixe  of 
the  blfeters  depend  more  upon  the  degree  of  heat  to  which 
the  har  has  been  exposed^  tnan  to  any  other  cause. 

The  time  usually  required  for  the  conversion  of  iron  into 
Bled  is  about  set  en  days  and  mghia  \  and  a  anmiar  muMbcr 

•  Carbonic  oxyd  is  the  union  of  the  two  gases  which  arise  firom  ihe  small 
portions  of  carbon  and  oxyd  of  iron,  of  which  the  iron  was  possessed,  sod 
which  i^  dissipated  by  the  heat  oi  the  furnace  dunog  this  long  pruoess 


Digitized 


by  Google 


AMD   HAOttlMST.  M'i 

«f  dftfi  and  niglits  is  allowed  for  the  gradual  cooling  of  the 

flBTiace* 

The  steel  when  taken  from  the  converting  furnace  is  found 
4M1  its  Burfi&ce  to  be  covered  with  blisters;  and  on  being 
broken  is  found  to  be  full  of  cavities  within^  for  this  reason 
h  is  called  Mistered  steei. 

To  make  it  sound  and  tenacious^  it  is  put  into  a  furnace, 
and  moderately  heated,  and  is  then  ejnK)sed  to  the  action  of 
the  tih^haimner,  which  we  have  already  described.  This  is 
caled  sheer •eteeL 

The  steel  is  made  of  different  degrees  of  hardness,  .by 
giving  it  more  or  less  carbon,  according  to  the  different 
dttmcs  and  duration  of  the  heat  applied. 

The  steel  used  in  the  manufacture  of  coach-springs  contain 
llie  smallest  portion  of  carbon ;  a  somewhat  greater  quantity 
is  osed  in  the  different  branches  of  cutlery,  and  in  the  make 
of  affricokoral  implements ;  and  the  greatest  dose  of  all  is 
required  for  files,  which  cannot  be  too  bard,  provided  the 
steel  be  floiBcicntly  malleable  to  be  worked. 

CosZ-slioe^  which  is  entirely  free  from  the  defects  of 
blistered  steel,  and  is,  in  some  degree,  preferable  to  sheer- 
steel,  is  made,  by  placing  small  portions  of  the  bars  of 
bUstcired  steel  into  a  crucUile,  capable  of  containing  about 
aO  pounds  w^hL 

These  crucibles  are  made  of  Stourbridge  clay,  mixed  with 
a  small  poition  of  powdered  charcoal,  which  makes  them 
■Mch  less  liable  to  cradc  in  the  heating  or  cooling.  They 
wte  fundsbed  with  covets,  wiiich  are  more  fusible  than  the 
body  <d  the  vessel,  and,  on  that  account,  soon  enter  into  a 
slate  of  pailial  vitr^cation ;  by  which  means  they  become 
doaely  hited  at  the  time  the  steel  is  at  a  temperature  suffi- 
ciently high  to  be  destroyed  by  the  oxygen  of  the  atmosphere. 

Hie  fed  eidployed  for  melting  steel  should  consist  of  the 
hsffdest  oobetf,  which  will  give  a  great  heat  for  a  longer  con- 
tittuttiee  than  the  soft  cdcea. 

When  the  metal  is  fosed  it  is  taken  from  the  furnace,  and 
poured  into  iron-mo«dds,  which  form  it  into,  ingots  of  an 
octagonal  shape,  about  30  inches  long. 

These  ingots,  tike  the  bars  of  blistered  and  sheer  steel, 
are  again  heated,  and  drawn  into  bars  by  the  operation  of 
the  tilt-mill.  By  means  of  this  machinery  the  ingots  of  cast- 
steel  can  be  drawn  into  bars  one-third  of  an  inch  square ; 
and  by  the  hands  it  can  be  drawn  into  rods  of  a  much  sroaUer 
size. 

The  manufacture  of  steel  has  been  greatly  improved  within 
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a  short  period,  and  it  can  now  be  fused  with  so  small  a  por- 
tion of  carbon,  as  will  admit  of  its  being  welded  either  with 
iron  or  another  piece  of  steel. 

The  most  singular  property  belonging  to  steel  is  that  of  its 
hardening  by  being  heated  red-hot,  and  suddenly  cooled: 
and  the  hotter  the  steel  be  made,  and  the  colder  the  fioid 
into  which  it  is  plunged,  the  harder  will  be  the  steel.  Water 
is  generally  employed  for  this  purpose;  and  spring  water  i« 
considered  to  be  the  best.  File-makers  state,  that  the  isA 
which  is  inevitable  in  their  hardening  water,  makes  the  steel 
harder,  and  they  sometimes  put  sulphuric  acid  into  it  for  the 
same  purpose. 

In  hardening  steel  in  thin  plates,  such  as  saws,  particukrif 
when  of  cast-steel,  quenching  in  water  would  cause  them  to 
crack,  and  make  them  so  hard  as  not  to  be  useful.  Ther 
have,  in  consequence,  recourse  to  some  substance  which  is 
not  so  good  a  conductor  of  heat.  Oil,  with  tallow  and  bees' 
wax,  and  resin  dissolved  in  it,  is  generally  employed  for  these 
articles.  If  the  steel  be  heated  red«hot,  it  mostly  returns  to 
its  original  state.  This,  however,  is  sometimes  not  the  case 
with  thin  plates  of  cast-steel.  In  giving  various  degrees  of 
heat  from  the  hard  state,  it  becomes  more  soft  and  less  elastic. 

In  the  year  I7B9,  Mr.  David  Hartley  took  out  a  patent  tx 
a  method  of  tempering  steel  by  the  aid  of  a  pyrometer,  or 
thermometer,  applied  near  to  die  surface  of  the  article,  and 
at  the  same  time  recommended  the  use  of  heated  oil,  in 
which  (he  says)  many  dozens  of  razors  or  other  tools  m%ht 
b^  tempered  at  once  with  the  utmost  fisicility,  and  the  various 
degrees  of  heat  necessary  for  different  purposes  might  ^>eedilT 
be  determined  by  experiment.  (See  Nicholson's  Jaumai, 
vol.  i.  quarto.)  An  improvement  of  this  principle  has  been 
since  suggested  by  Mr.  Parkes,  by  providing  a  bath  of  ml  or 
of  some  kind  of  fusible  metai  for  the  tempering  of  every 
species  of  edged  tool,  which  contrivance  would,  in  his  opinioo, 
give  to  this  operation  a  greater  degree  of  certainty,  than  has 
ever  been  experienced  by  those  who  have  conducted  shcI) 
manufactories, 


WIRE  MANUFACTURE. 

Wire  is  made  of  various  ductile  metals;  but  as  the  manu- 
facture of  the  whole  is  very  similar,  we  shall  confine  our- 
selves principally  to  a  description  of  the  manufacture  of  iron 
wire,  winch  ib  by  far  the  most  extensive  aiticle  of  commerce 
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The  process  of  wire-drawing  consists  in  drawing  a  piece 
of  metal  through  a  hole  in  a  steel  plate,  which  forms  it  into 
a  regular  and  even  thread,  of  great  length,  according  to  the 
quantity  of  metal  supplied. 

The  first  part  of  the  process  in  the  manufacture  of  iron 
wire  is,  to  subject  the  iron  to  the  action  of  a  tilt-hammer  till 
it  be  reduced  to  a  size  that  will  admit  of  its  being  drawn 
through  the  plate.  The  tilt-hammer  used  is  similar  to  that 
which  we  have  described  in  the  article  **  iron  Works."  it 
weigfas  about  100  pounds,  and  makes  130  strokes  per  minute. 
A  smalleir  tilt-hammer,  weighing  about  -50  pounds,  and 
making  20  strokes  per  minute,  is  also  used  for  the  wire- 
work. 

To  prepare  the  iron  for  the  draw-plate,  the  workman  heats 
«ix  or  eight  inches  of  the  end  of  a  large  bar,  and  works  it 
under  the  small  tilt-hammer  until  it  is  drawn  out  into  a 
small  and  regular  round  rod,  of  about  six  feet  in  length. 
Bdbre  it  has  time  to  cool  another  workman  straightens  it, 
and  cuts  off  with  a  hamme?  upon  an  anvil  the  rod  thus 
formed,  and  puts  the  remainder  of  the  bar  into  the  forge  to 
be  again  heated. 

In  manufacturing  common  wire,  the  bars  may  be  advan-> 
tiigeously  run  through  a  pair  of  rollers,  instead  of  exposing 
them  to  the  action  of  the  tilt-mill ;  but  as  the  iron  in  rolling 
docs  not  acquire  so  much  tenacity  as  in  the  hammering,  this 
process  should  not  be  attempted  in  the  manufacture  of  the 
best  wire. 

The  rod  being  thus  prepared  by  one  of  these  methods,  is 
next  drawn  through  a  hole  in  the  draw-plate,  either  by  a 
^trong  machine  with  a  chain,  or  else  by  a  lever-machme. 

The  machines  used  in  the  process  of  wire-drawing  are, 
first, 

The  cornmon  draw-bench,  which  consists  of  a  strong  plank  of  wood 
fixed  on  legs,  like  a  stool  or  beech.  It  is  represented  in  llg.  357.  A  is 
an  axis,  fixed  in  a  liorizontal  position,  so  that  it  can  be  easily  turned  round 
by  means  of  the  four  levers  BB,  fixed  like  radii  on  the  end  of  the  axis, 
C  is  a  strong  strap  or  chain,  capable  of  being  wound  about  the  axis  or 
roller,  and  connected  by  means  of  a  link  with  the  pincers  D.  E  is  a  draw- 
plate,  perforated  with  holes  of  diflferent  sizes,  io«igeO  against  two  strong  iron 
pins  CO,  which  are  fixed  in  the  bench,  and  left  standing  up  pei-pendicularly, 
K>  that  tlie  plole  can  rest  against  them.  The  wire  is  passed  through  the 
ilraw-plale  E,  and  is  seized  by  the  pincers  D,  which,  by  turning  the  arms 
rr  levers  B  B,  winds  about  the  roller,  and  draws  the  wire  through  the 
plate. 

Fig.  358  represents  another  kind  of  draw-bench,  where  a  rack  and  pinion 
are  used,  instead  of  a  roller  and  strap  or  chain,  as  aboTe-mcntioued.  If 
this  machine  be  turned  by  a  winch  the  motion  is  more  uniform^  which  i» 
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of  importance  for  some  purposes.  For  instanoet  if  a  pitoe  of  aietal  be 
drawn  rapidly  through  the  draw-plate,  it  will  in  passing  through  be  greatly 
compressed,  and  on  emerging  will  expand  a  kttle ;  but  if  it  be  drawn 
through  the  platA  slowly,  it  Wui  lose  its  expansive  property.  Now  in  the 
common  draw-bench,  or  one  we  first  described,  the  motion  oonmnnicated  by 
means  of  the  arms  B  B  is  rery  irrecular,  and  the  wire  is  conseonently  some- 
times drawn  through  the  plate  wiui  a  &st,  and  sometimes  with  a  slow  mo- 
tion, which  causes  it  to  tie  of  different  degrees  of  quality  ;  but  in  uakof  the 
fack  and  piniooy  by  means  of  a  winch,  the  tooUon  is  r^^ular,  amd  the 
quality  nniibrm. 

,  In  France  the  roller  or  windlass  it  not  eteployed,  but  the  piaeers  are  at- 
tached to  a  lever,  which  alternately  draws  them  badiwards  and  forwards  by 
thepower  of  the  water-wheel. 

Tne  pincers  are  so  Oonstructed,  that  th^  open  and  release  themsdves 
from  the  wire  when  they  more  towards  the  draw-plate ;  but  when  drawa 
from  the  draw-plate  close  and  bite  the  wire  with  a  force  that  will  draw  it 
through  tlie  plate. 

A  machine  of  this  kind  is  represented  in  fig.  359.  A  B  is  a  wooden  lever, 
which  moves  round  an  iron  bolt  or  pin  p,  as  a  centre  of  motion ;  C  is  an 
iron  link,  connected  with  the  upright  part  of  the  lever  A  B,  and  having  ib 
lower  end  formed  like  a  ring  to  seise  the  ends  of  the  pinceis.  The  pincers 
are  supported  upon  an  inclined  pfaite  of  iron  <,  which  has  a  groove  to  receive 
the  head  of  the  pincers,  to  direct  them  in  their  motion  to  and  frooa  the 
draw-plate. 

The  end  B  of  the  lever  Is  depressed  by  cogs,  affixed  to  the  axis  of  the  water- 
wheel,  which  draws  the  wire  through  the  plate ;  but  when  the  cogs  cpiit  ^ 
end  of  the  lever,  it  is  retumed  to  its  former  position,  by  means  of  a  rope 
fastened  to  the  end  of  B,  and  to  a  strong  wooden  pole,  fixed  to  the  lop  of 
tlie  roof  of  the  building,  which  ads  as  a  spring.  As  the  lever  returns  lo  its 
criace.,  the  pincers,  by  their  own  weight,  slide  down  the  inclined  plane,  and 
in  their  descent  open  sufficiently  to  allow  the  wire  to  slide  through  them, 
witliout  extricating  itself  from  theit  jaws ;  and  on  the  next  descent  of  the 
lever,  they  close  upon  the  wire,  and  draw  another  portion  through  the  plate. 

Three  of  these  machines,  at  different  sizes,  are,  in  general, 
employed  in  a  wire-mill;  the  largest  draws  two  inches  d 
the  wire  at  each  stroke,  and  makes  abdlit  forty-eight  strokes 
per  minute;  the  next  four  inches;  and  the  third  five  inches. 
This  last  makes  about  sixty-four  strokes  per  minute.  This 
jnode  of  drawing  wire  is  very  simple,  out  defectiye;  for 
much  time  is  lost  in  the  returning  of  the  pincers ;  they  some- 
times fail  to  take  liold ;  imd  wherever  the^  bite  they  make 
deep  marks  upon  the  wire,  which  are  not  more  than  two  inches 
apart  in  the  great  wire,  and  five  inches  in  the  smaller. 

Fine  wire  is  always  made  from  the  large  wire,  by  reducing 
it  and  lengthening  it  out  by  repeated  drawmas.  The  large 
wire  is  usually  manufactured  at  the  wire-mills  m  the  countiy, 
and  sometimes  is  reduced  to  small  wire  at  the  same  establish- 
ments,  but  those  who  have  occasion  to  use  much  wire  usually 
purchase  the  large  sort,  and  reduce  it  tiiemselves. 

A  hand  machine,  represented  in  fig.  360,  is  used  for  this  purpose,  A  is  a 
roller  or  cylinder,  turning  upon  a  vertical  pin,  fixed  in  the  bench  B;  C  a 
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bidlt  toned  by  maiMiall^Kmr;  £  tfaediaw-pUte;aDdaa  thepini  agiiait 
vbidi  h  rests.  The  wire  to  be  drawn  it  placed  upon  a  reel  D.  which  tumt 
uftm  a  Tertical  ^.  This  reel  is  sometimes  placed  on  the  table,  aod  som»- 
tmwi  in  a  tub  containinff  starch-water,  or  beer  that  has  become  acid.  This 
lilt  is  to  kxise  the  oxyd  m>m  the  surface  of  the  wire,  which  it  has  acquired 
io  the  process  of  annealiag.  Fig.  361  represents  a  very  simple  and  ooDU>lete 
wire-drawing  machine,  capaUe  of  drawing  three  wires  at  once.  A  R  are 
tvo  rollers  or  barrels  with  eog^wheels,  T  Y,  on  the  ends  of  their  axis.  S  is 
a  pinion  which  is  turned  round  by  means  of  a  handle  B,  ttnd  communicates 
motion  to  the  cog-wheels  T  V.  Boih  these  wheels  ate  fitted  upoft  round 
ftan»  of  the  axis  of  Aeir  respectire  roUersi  so  as  to  sHp  or  turn  freely  round 
with  the  san»e;  but  a  square  is  formed  on  the  axis  outside  of  the  wheel,  and 
a  dutch  or  catch,  <  or  v,  is  fitted  on  this  square  part^  so  as  to  turn  dwa^s 
round  with  the  axis.  The  catch  is  at  liberty  to  slide  upon  the  ajti^  ill  the 
direction  of  its  length,  by  means  of  a  letcr  W,  which  operates  upon  both 
catches  at  oace.  When  either  of  them  is  pushed  back  in  contact  with  the 
wheel,  it  intercepts  two  studs  which  project  from  the  face  of  the  wheel,  and 
then  compels  the  axis  or  roller  to  turn  round  with  the  wheel ;  but  when  the 
catdi  is  drawn  away  from  the  wheel,  then  the  wheel  will  sHp  round  upon  its 
aiis  without  communicating  any  motion.  By  means  of  the  lever  W,  only 
one  wheel  can  be  engaged  at  once,  and  the  other  must  be  free.  The  draw-* 
plate  is  firmly  fixed  ^ween  the  two  rollers,  and  it  has  a  great  many  holes ; 
the  roQen  are  long  enough  to  receive  three  vnres  at  the  same  time.  Each 
roller  has  a  groove  in  it  parallel  to  the  axis,  into  which  a  bar  of  metal  is 
fitted,  and  will  exactly  fill  it  up. 

When  the  wires  are  introduced  through  the  holes  in  the  plate,  the  ends 
are  laid  across  this  groove ;  the  bar  is  then  pot  im  and  listened  by  a  simple 
contrivance,  and  it  fostens  the  ends  of  the  wires  beneath  it,  so  that  they  be- 
come attadied  to  the  roller;  then  by  turning  the  handle,  B,  round,  the  two 
vfacds  are  put  in  motion  in  contrary  directions;  and  that  wheel  which  ii 
connected  with  its  axle  by  its  catch,  will  torn  its  barrel  round,  and  wind  up 
the  wires  to  as  to  drftw  them  through  the  pbte  B.  The  other  roller  being  at  tlm 
same  time  detadied,  its  wheel  is  at  liberty  to  turn  round  in  a  contrarf  di« 
rection  to  the  wheel,  as  fast  as  the  wires  are  drawn  ofi"  firom  it.  When  the 
whole  lengtb  of  the  wires  has  been  dmwn  through  the  plate,  they  are  de^ 
tadied  frcStt  the  roller,  the  ends  introduced  through  smaller  holes  in  the 
plate,  and  fastened  a^atn  to  the  roller ;  then  the  lever  W  is  shifted,  to  dis^ 
engage  that  wheel  which  operated  before,  and  engage  the  other.  This  being 
dcqoe,  the  rollers  n^tll  be  turned  in  an  opposite  direction,  and  will  wind  back 
the  wires,  althoush  the  handle  B  is  turned  the  same  way  round. 

After  the  wire  has  been  drawn  three  or  four  times,  the  metal  becomes  so 
hard  and  fibrous  that  it  would  not  draw  any  more  without  breaking ;  it 
therefore  requires  to  be  heated  in  the  fire  to  restore  its  ductility ;  for  this 
purpose  it  must  be  taken  ofi*the  barrels.  A  roller,  M,  is  provided  to  wind  the 
wire  upon  and  draw  it  off  from  the  barrel ;  thb  roller  is  turned  round  by  a 
handle,  m,  fixed  on  the  extremity  of  its  axis ;  and  the  wire  which  is  wound 
Qpon  it  in  a  coil  is  slipped  off  sideways.  This  machine  is  well  adapted  to  be 
worked  by  a  mill,  because  the  handle  may  always  be  turned  in  the  same  way. 

Fig  362  represents  a  macbrne  that  is  used  for  reducing  the  wire  to  be 
employed  in  the  manufiLCfeure  of  musical  instruments,  or  in  making  cards  for 
wool  and  cotton.  A  A  A  A  aare  conical  rollers,  called  blocks,  each  having 
a  bittb,  through  whidi  passes  a  vertical  spindle.  These  spindles  are  con- 
nected with  wheel-worlL  situated  beneath  (he  bench,  and  being  round  are 
capable  of  revolving  without  communicating  motion  to  the  rollers.  When  the 
toUns  are  required  tobe  engagedifhey  art  Mfled  up  from  the  bench,  till  two 
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knobs,  fixed  in  the  hollow  part  of  each,  come  in  contact  with  a  cioa-to 
fixed  on  the  top  of  each  spmdle,  which  immediately  carries  themroond.  So 
long  as  any  wires  are  supplied  by  the  reels  R  £  £  £,  the  stress  of  ^  mm 
passing  through  the  draw-plates  will  hold  the  lollers  and  spindles  disped 
together ;  but  as  soon  as  the  whole  of  the  wires  have  passed  through  the 
draw-plates,  the  rollers  will  become  disengaged,  and  fall  upon  the  bench. 
The  tubs  in  which  the  reels  are  placed  contain  stale-beer  grounds,  or  starch- 
water,  for  the  purpose  which  we  have  already  noticed. 

The  French  drawpplates  are  the  most  esteemed,  and,  in 
time  of  war,  a  good  french  draw-plate  has  been  sold  for  its 
weight  in  silver.  M.  Du  Hamel,  in  Z^es  Arts  et  Mitim, 
vol.  XV.  gives  the  following  account  of  the  process  of  making 
the  draw-plates  for  the  large  iron-wire. 

A  band  of  iron  b  forged  of  two  inches  broad  and  one  inch 
thick.  This  is  prepared  at  the  great  forge.  About  a  foot  in 
length  is  cut  off,  and  heated  to  redness  in  a  fire  of  charcoal.  It 
is  then  beaten  on  one  side  with  a  hammer,  so  as  to  work  all 
the  surface  into  furrows  or  grooves,  in  order  that  it  may  ^^ 
tain  the  substance  called  the  potin,  which  is  to  be  wel<kHi 
upon  one  side  of  the  iron,  to  form  the  hard  matter  on  which 
the  holes  are  to  be  pierced.  This  potin  is  nothing  but  frag- 
ments of  old  cast-iron  pots  ;  but  those  pots  which  have  been 
worn  out  by  the  continued  action  of  the  fire  are  not  good ;  the 
fragments  of  a  new  pot  which  has  not  been  in  the  fire  are 
better. 

The  workman  breaks  these  pieces  of  pots  on  his  anvil,  and 
mixes  the  pieces  with  charcoal  of  white  wood.  He  puts  thiii 
in  the  forge,  and  heats  it  till  it  is  melted  into  a  sort  of  paste; 
and  to  purify  it  he  repeats  the  fusion  ten  or  twelve  times,  and 
each  time  he  takes  it  with  the  tongs  to  dip  it  in  water.  M.  Dn 
Hamel  says,  this  is  to  render  the  matter  more  easy  to  break 
into  pieces. 

By  these  repeated  fusions  with  charcoal,  the  cast-iroo  is 
changed,  and  its  qualities  approach  those  of  steel,  but  fer 
from  becoming  brittle,  it  will  yield  to  the  blow^  of  the  ham- 
mer and  to  the  punch,  which  is  used  to  enlarge  the  hdeS' 
The  bar  of  iron  which  is  to  make  the  draw-plate  is  covered 
with  a  layer  of  pieces  of  the  potin,  or  cast-iron  thus  prepared. 
It  is  applied  on  the  side  which  is  furrowed,  and  should  occupy 
about  half  an  inch  in  thickness.  The  whole  is  then  wmppt^d 
up  in  a  coarse  cloth,  which  has  been  dipped  in  clay  and  irater. 
mixed  up  as  thick  as  cream,  and  is  put  mto  the  forge.  The 
potin  is  more  fusible  than  the  forged  iron,  so  that  it  will  melt. 
The  plate  is  withdrawn  fi:om  the  fire  occasionally  and  ham- 
mered very  gently  upon  the  potin,  to  weld  and  in  some  mea- 
aire  amalgamate  it  with  the  iron,  which  cannot  be  done  at 


Digitized 


by  Google 


AVh   MACHINIST.  349 

ODce;  but  it  must  be  repeatedly  heated  and  worked  until  the 
potin  fixes  to  the  iron.  The  workman  then  throws  dry  pow- 
dered clay  upon  it,  in  order,  they  say,  to  soften  the  potin. 

The  union  being  complete,  the  plate  is  again  heated,  and 
foi^^  by  two  workmen,  who. draw  out  the  plate  of  one  foot 
to  a  length  of  two  feet,  and  give  it  the  form  it  is  to  have.  It ' 
b  well  known  that  cast-iron  cannot  be  worked  at  the  forge 
without  breaking  under  the  hammer ;  but  in  the  present  in- 
stance, itb  alloyed  with  the  iron-bar,  and  is  drawn  out  with 
it  It  has  also  acquired  new  properties  by  the  repeated 
fusions  with  charcoal. 

The  holes  are  next  pierced  whilst  the  plate  is  hot.  This  is 
done  with  a  well-pointed  punch  of  German  steel,  applied  ou 
that  side  of  the  plate  which  is  the  iron-bar.  It  requires  four 
heats  in  the  fire  to  punch  the  holes,  and  every  turn  a  finer 
punch  is  employed,  so  as  to  make  a  taper  hole.  The  makers 
of  draw-plates  do  not  pierce  the  holes  quite  through,  but 
leave  it  to  the  wire-drawers  to  do  it  themselves  when  the 

Elate  is  cold,  with  sharp  pimches,  and  then  they  open  the 
ole  to  the  size  they  desire  ;  and  although  this  potin  is  of  a 
very  hard  substance,  the  size  of  the  hole  may  be  reduced  by 
gentle  blows  with  a  hard  hanuuer,  on  the  flat  sur&ce  of  the 
plate  round  the  hole. 

A  great  many  holes  are  made  in  the  same  plate ;  and  it  is 
important  that  they  should  diminish  in  size  by  very  imper- 
ceptible gradations  ;  so  that  the  workman  can  always  choose 
a  hole  suitable  for  the  wire  he  is  to  draw,  without  being 
ob%ed  to  reduce  it  too  much  at  once. 

lo  ascertsdn  the  size  of  the  wire,  three  kinds  of  gauges  are 
used.  The  one  is  made  of  a  piece  of  wire  bent  in  zigzag, 
with  a  space  of  a  different  width  between  every  bend ;  another 
is  made  of  a  steel-plate  with  notches  on  the  edge ;  and  the 
other,  which  is  the  most  accurate,  consists  of  two  straight 
rules  of  steel  put  together  at  an  angle.  The  diameter  of  the 
wire  in  this  last  is  indicated  by  the  depth  to  which  it  will 
enter  into  the  angle ;  the  edges  of  the  nues  are  divided  into 
equal  parts  for  that  purpose,  and  numbered,  to  correspond 
with  the  different  sizes  oi  the  wire. 

The  wire  manufactory  of  Messrs.  Mouchel,  situated  at- 
L'Aigle,  in  the  department  of  L'Ome,  is  one  of  the  most^ 
considerable  in  France.  It  furnishes  annually  in  cards  for 
wool-combing  only,  100,000  quintals  of  iron  wire,  each, 
100  lbs.  A  part  of  this  is  consumed  in  France,  and  the 
rest  is  exported  to  Spain,  Italy,  Portugal,  and  even  to  the 
tbores  of  the  Levant. 
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Tb«y  tnmloy  tb«  iron  manirfaetured  ia  the  depaitmeiti  of 
L'Orae  and  La  Haute  Soane,  as  being  of  tiie  best  quality. 
The  first  produces  the  best  wire  for  making  screws^  nails,  m 
pins,  as  much  on  account  of  its  hardness  as  its  fine  poliA,irinch 
resemUeii  steel-wire.  In  this  respect,  it  is  superior  to  the 
iron  of  Haute  Soane;  but  from  its  ductility  the  latter  can  now 
be  made  extremely  fine,  and  it  appears  to  be  most  free  from 
heterogeneous  paitides. 

The  smelted  iron,  prepared  and  hammered,  being  in  a  state 
nearly  fit  for  their  purpose,  is  transported  at  a  small  expense 
to  L'Aigle,  by  the  rivers  and  canals.  The^  have  a  forge  to 
reduce  tiie  sted  and  iron  of  Normandy,  which  arrives  in  large 
pieces,  into  smaH  and  regular  bars. 

When  the  iron  is  formed  into  an  irregular  bar  of  about  a 
oentimetre,  near  four-tenths  of  an  inch  in  diameter,  they  be- 
gin to  draw  it  into  wire.  Although  it  be  already  much  extended 
by  hammering,  it  is  in  Ae  first  place  passed  four  timei 
through  the  drawing-plate  ;  then  its  molecules  become  dis- 
posed lengthways,  and  exhibit  fibres  at  their  utmost  exten- 
ifton.  The  fibres  must  be  removed  by  means  of  heat,  which 
disperses  and  divides  them;  and  ufter  that  the  wire  may 
again  be  reduced  three  numbers.  The  fibres  which  are  re- 
produced by  this  operation  are  again  removed  by  heat.  The 
whole  process  is  five  times  repeated,  consequently  the  wire 
is  passed  through  fifteen  numbers ;  after  whicH,  a  single  ex- 
posure to  tht  fire  is  sufficient  to  fit  it  for  passing  six  others, 
whereby  it  is  reduced  to  the  thickness  of  a  knitting-needle. 

The  steel- wire,  being  much  harder,  requires  to  be  passed 
through  forty-fbtur  numbers,  and  to  be  annealed  every  other 
time. 

The  machine  which  draws  the  8teel-wire>  must  ge  slowtf 
than  that  which  draws  the  iron;  for  the  first  being  very 
hard,  and  offering  more  resistance  to  the  drawing-plat^ 
should  be  puUed  out  with  more  care,  since  the  quickness  ougbt 
to  be  proportioned  to  the  resistance,  and  reciprocally ;  and 
if  they  depart  from  this  principle  the  results  will  vary.  Thus, 
for  example,  the  iron  of  die  department  of  L'Ome,  which  is 
more  compact  than  that  produced  at  Haute  Soane,  if  drawn 
by  the  same  machines,  augments  to  hardness,  and  ia  weakened 
when  it  is  brought  to  too  great  a  de^pree  of  fineness.  But^ 
iron,  wMch  is  very  hard,  and  capable  of  receiving  a  very  Ugb 
polish,  is  to  be  preferred  for  certain  uses. 

In  order  to  anneal  the  wire,  fliey  formerly  en^ployed  a 
large  and  elevated  fomacc,  with  bars  of  cast-iron  to  wiftElf 
the  wire  in   the  middle  of  the  flames.    It  cmxtainsT^ 
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potmlt  weighty  90  contrived  as  to  contain  equal  portions  of 
eadi  Dumber.  They  are  so  arranged  that  the  thiclcest  wires 
leceire  the  strongest  heat;  therefore^  the  whole  is  equally 
heated  in  the  same  space  of  time. 

The  operation  lasts  three  hours  with  a  fire  well  kept  up, 
tad  it  wlf^t  be  imagined  that  this  apparatus  was  completely 
adimted  to  the  purpose ;  but  there  are  imperfections  in  this 
method,  because  it  leaves  the  wire  exposed  to  the  contact  of 
the  atmospheric  air,  the  oxygen  of  which  it  seizes  with  extreme 
aridity ;  whence  a  considerable  quantity  of  oxyd  is  occasioned, 
andako  an  operation  to  free  it  from  the  scales,  which  consists 
of  beating  the  bundles  of  wire  with  a  wooden  hammer  w;etted 
with  water. 

Notwithstanding  this  precaution,  there  often  remains  a 
portion  of  oxvd  a&ering  to  the  suriace  of  the  metal,  which 
stretks  the  mtiw-plate,  or  fixes  on  the  wire,  and  gives  it  a 
tarnished  appearance,  and  causes  it  to  break  when  it  is  brought 
to  a  great  degree  of  fineness.  This  furnace  b  onlv  used  for 
the  sted-wire,  or  the  iron  from  L'Ome,  which  is  less  liable 
to  change ;  and  besides,  being  harder,  is  not  easily  attacked 
by  the  oxygen. 

In  order  to  diminish  the  waste  that  the  fire  occasions,  ihey  ^ 
have  contrived  another  process,  which  consists  in  dipping  the  * 
bundles  of  wire  into  a  basin  of  wet  clay  before  they  put  them 
into  the  furnace ;  and  they  are  left  in  the  furnace  to  dry 
before  the  fire  is  lighted,  without  which  precaution  the  clay 
woidd  peel  off  from  the  iron. 

For  making  wire  for  cards,  M.  Mouchel  invented  another 
fomace.  h  is  round,  and  about  one  metre  six  decimetres 
jn  diameter,  and  one  metre  eight  decimetres  in  height,  without 
mchding  its  parabolic  arch,  and  the  chinmey  above  it.  The 
interior  is  £vided  by  horizontal  grates  into  three  stories ;  tiie 
jowest  receives  the  cinders,  the  second  is  the  fire-place,  and 
into  the  third,  or  upper  place,  they  slide  a  roleau  of  wire^ 
^i^righing  150  kUognunmes,  which  is  enclosed  in  a  space 
comprised  between  two  cast-iron  cylinders,  l>cing  luted  to 
pjerent  the  admission  of  air  between  them.  Tlie  flames 
circulate  about  the  outside  of  the  first,  and  within  the  interior 
of  IIk  second,  which  defends  the  wire  from  atmospheric  air. 
The  diameter  of  the  largest  cylinder  is  about  one  metre  four 
ciccnnetres ;  that  of  the  second  one  metre ;  thus  the  space 
comprised  between  them  is  two  decimetres,  on  an  elevation 
rf  *ve  dechnetres.  There  must  be  several  paur  of  cytmders 
{vorided,  because  whilst  one  pair  is  in  the  furnace,  another 
ttwt  be  prepared  to  receive  a  n^sh  roleau  of  wire  5  they  are 
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changed  every  hour  by  means  of  a  long  iron  lever,  with  wfaidi 
a  single  man  can  easily  push  them  in,  and  draw  them  oat 
again,  as  the  cylinder  slides  on  cast-iron  rails. 

They  are  very  careful  not  to  open  the  cylinders  imme- 
diately on  their  being  drawn  out  of  the  fire ;  for  the  roleaus 
of  wire  contained  in  them,  being  still  red,  would  oxydate 
Guite  as  much  as  if  they  had  been  heated  in  tlie  midst  of  the 
names  without  the  least  precaution. 

The  opening  contrived  for  the  passage  is  on  the  side,  and 
has  a  door  of  cast-iron,  with  a  groove  which  winds  round  the 
furnace ;  the  fire-place  has  one  something  similar  to  it ;  that 
of  the  ash-hole  is  vertical,  in  order  that  it  may  be  raised  to 
increase  the  fire  at  will. 

When  the  iron-wire  is  reduced  to  the  thickness  of  a  knitting- 
needle,  it  is  made  up  into  bundles  of  125  kilogrammes  (275  lbs.) 
each,  into  a  large  iron  vessel,  in  order  to  anneal  it  sufficiently 
to  be  reduced  for  the  last  time.  This  vessel  is  placed  upside- 
down  in  the  middle  of  a  round  furnace,  which  is  so  cod- 
structed  as  to  sustain  burning  coals  all  round  it,  and  of  which 
it  consumes  35  kilogrammes  (77  lbs.)  before  the  operation  is 
completed.  The  cover  must  be  carefully  luted,  as  the  slightest 
admission  of  air  is  sufficient  to  bum  the  external  surfaces  of 
the  wire  to  an  oxyd,  which  cannot  afterwards  be  reduced. 

When  one  of  these  vessels  is  sufficiently  heated,  it  is  filled 
with  water  containing  three  kilogrammes  (six  pounds  and 
a  half)  of  tartar,  and  suspended  over  the  flames  of  the  furnace 
to  make  it  boil ;  this  solution,  without  attacking  the  metal, 
frees  it  from  the  grease  and  the  little  oxyd  that  adheres  to  it 
This  is  the  last  operation  in  which  the  wire  is  exposed  to  the 
fire,  and  it  is  then  in  the  proper  state  for  being  reduced  to 
the  utmost  degree  of  fineness  it  is  capable  of  sustaining,  and 
will  preserve  enough  of  the  effect  of  the  annealing  to  require 
it  no  more ;  but  when  the  natural  hardness  of  the  iron  varies, 
this  last  exposure  to  the  fire  should  take  place  in  proportion 
to  its  thickness.  As  steel  loses  its  capacity  of  extension  much 
sooner  than  iron,  it  is  annealed  until  it  is  no  thicker  than  a 
sewing-needle.  The  space  which  is  left  in  the  vessel  is  filled 
up  with  charcoal-dust,  which  prevents  it  from  losing  the 
quality  of  steel,  and  preserves  the  heat  long  enough  to  give 
it  the  proper  degree  of  pliancy. 

As  Messrs.  Mouchel  always  use  iron  and  steel  at  the  same 
manufactory,  they  have  been  able  to  reduce  their  operations 
to  a  general  system ;  and  to  attdn  this  end,  have  determined 
a  graduated  scale,  by  which  the  wire  will  not  be  more  stretched 
in  the  drawing-plate  in  one  number  or  size  than  another* 
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*tiit  following  is  the  method  they  contmed,  in  orddr  tb  term. 
tius  scale  for  the  iron-wire : — ^They  take  a  certain  quantity  of 
nmousthicknesseS)  which  has  been  drawn  as  fine  as  the.  iron 
woidd  bear ;  the  smallest  size  is  100,000  metres  (109^339 
yards)  in  length  to  the  kilogramme,  2*2  pounds  avoirdup6is  i 
tbeynote  the  weight  that  each  might  be  capable  of  supporting 
nithoat  breaking ;  this  behig  expressed  by  figures,  it  is  easy,^ 
by  a  few  interpolations,  to  express  them  in  a  progressive 
fom.  This  kind  of  scale  has  been  partly  formed  by  comparing 
the  weight  of  the  different  siz^s  with  equal  lengths,  from 
which  gauges  or  calibre^  may  be  made  for  the  use  of  the 
workman.  These  gauges  are  certain  guides,  which  they 
caxmot  mistake,  except  through  great  carelessness.  If  they 
had  not  these  gauges,  they  would  often  pass  the  wire  through 
holes  in  the  draWinff-plates  that  are  too  large  for  it,  whence 
it  does  not  acquire  the  strength  it  should  have  in  proportion 
to  its  thickness,  and  loses  its  hardness ;  they  might  also  pass 
it  through  holes  that  were  too  smaU,  which  would  weaken  it^ 
and  render  it  very  brittle.  In  the  latter  case^  it  frequently 
happens  that  the  steel  of  the  drawing-plate,  beii^  unable 
to  sustain  the  force  to  which  it  is  exposed,  will  give  way, 
as  if  the  plate  were  too  soft ;  and  the  wire  will  be  brittle 
at  the  beginning,  and  soft  and  too  thick  at  the  other 
extremity. 

The  greatest  part  of  the  fine  wire  at  Messrs.  Mouchel's: 
maaufa^ry  is  drawn  by  workmen  who  are  dispersed  about 
the  country  |  but  they  have  also  a  machine  which  moves 
twenty^four  bobbins  in  a  horizontal  direction,  which  only 
requires  the  workmen  to  look  after  it.  It  is  upon  the  bob^ 
bbs  that  the  wire  is'  reduced  to  the'  different  degrees  of  thin- 
ness desired  ;  therefore  this  is  the  last  operation  in  the  art  of 
making  iron  and  steel  wire,  although  it  has  all  requisite  quali- 
ties dven  to  it  in  the  workshop  of  the  wire-drawer. 

Wire  is  still  incapable  of  bei^g  made  into  needes  and 
<:arding-hook8  until  It  has  undergone  another  operation  for 
dressii^  and  straightening  the  wire,  by  which  it  is  rti^e  to 
lose  the  bend  or  curve  that  it  acquires  on  the  bobbins. 

This  work  consists  in  drawing  the  wire  between  pins  fixed 
on  apiece  of  wood,  arid  which  act  to  bend  the  wire,  first  inr 
one  mrection  and  then  in  the  o|>po6ite,  in  a  waving  line,  of 
which  (be  waves  are  at  first  larger,  but  decrease  graduaUy^ 
ttid  the  la»t  bend  of  which  tends  to  force  the  wire  into^  a 
stnught  Une.  The  dresser  is  obliged  constantly  to  adjii^  the 
pins,  b^  inclining  or  raising  them  with  strokes  of  the  hi^mmer. 
Also,  for  each  number  of  wires,  the  pins  must  be  at  difierent 
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lull  calculated  distanceg.    Tbiii  requirae  ft  woilaaaB  ci  intdk 
Igence,  diKg«nce,  and  address. 

An  ingenious  instrument  is  now  appropmted  to  this  open* 
tioii,  and  remoFes  all  difficulty.  Six  little  puppets  of  very 
hard  steel  are  substituted  for  the  nails  of  the  ordinary  instra^ 
ment,  and  are  fixed  on  parallel  bars  of  n^etal,  so  uunted  tagt^ 
ther  that  the  movement  of  then^  all  will  be  parallel,  and  the 
puppets  are  widened  or  broi^ht  nearer  together  by  screwi ; 
the  wire  is  drawn  between  these  puppets  in  a  zigzag  or 
waring  line^  and  tlie  repeated  flexures  break  the  sinuosttaesof 
the  wire.  There  is  a  conductor  of  .the  wire  to  the  pumelsy 
and  another  o<mductop  which  serves  to  prevent  the  wire  nan 
being  shaken.  There  are  slight  grooves  at  the  extremity  of 
the  puppets,  to  give  a  passage  to  the  wire.  A  scale  suslaiaed 
by  a  screw  indicates  the  distance  at  which  the  puppets-  shoidd 
be  placed  from  each  other,  to  straighten  each  size  of  wire; 
this  forms  nearly  an  invariable  rule,  and  the  drt^w&r  saves  i 
third  of  the  tinM  which  is  employed  in  regulating  the  pim 
ef  the  instrmnent  formerly  used.  There  is  nothing  more  to 
be  done  but  to  draw  out  the  wire  by  means  of  a  whed,  os 
v^ch  he  reeh  it^.  and  then  form  it  mto  bundes  to  be  deU- 
vered  to  the  consumers. 

The  steel  wire  of  France  is  proper  for  many  purposes,  ft 
is  brought  from  Messrs.  Mouchel  for  making  loiitting^-needlei 
in  the  English  feshion,  shoemakers'  heedles,  and  other  simOar 
articles ;  it  may  be  also  used  for  needles  of  all  sixes,  wi 
even  for  cards  for  wool-combing ;  but  as  this  steel  is  mueb 
more  expensive  than  the  iron^wire,  it  is  very  seldom  used  fcr 
the  latter  purpose. 

Hie  niethod  of  preparit^  the  draw-plates  is  described  by 
Messrs.  Mouchel,  and  is  different  from  that  before  described. 

For  making  wire  for  eards^  twa  sorts  of  draDving-plate»  are  usod,  large 
and  small  od^  ;  the  firtt^  for  tha  sort  of  wire  that  we  have  been  dncribiqit 
is  drawn  with  the  pincers,  as  fig^«  3599.  and  with  the  bobbin  or  roller^  which 
is  a  cylinder,  adapted  to  the  axis  iuroed  by  the  water-mill,  and  is  used  in 

S reference,  to  avoid  the  marks  made  on  the  wire  by  the  pincers  ;  the  small 
rawing-plates  are  used  for  supch  wire  as  may  be  drawn  by  hand.  The  s^ 
which  they  employ  for  these  drawing-plates'  should  *ev9T  vsiy  in  quMft 
except  thai  the  smallest  pieces  arc  made  of  the  finest  steel.  Several  pieoe» 
q{  iron  are  disposed  in  the  fumaoe  in  the  form  of  a  box  without  a  lid,  their 
weight  being  according  to  the  use  for  which  they  are  intended  to  be  made. 
The  workman  fills  each  of  these  boxes  with  cast-steel,  and  having  covered 
it  over  with  a  luting  of  day,  it  is  exposed  to  a  fierce  fire  until  the  steel  be 
melted.  His  art  consists  in  seising  the  proper  moneDt  t^  withdraw  Ibc 
plate  from  the  fire ;  he  raises  the  luting,  and  blows  on  it  through  a  tuba,  ia 
order  to  drive  off  all  heterogeneous  parts,  and  then  amalgamates  it  with  the 
iron  by  light  blows ;  after  it  is  cool,  he  replaces  it  at  the  fire,  where  the 
Aision  again  takts  place,  but  to  a  less  degree  than  bdbre;  ht  sftenraidf 
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the  iroD.  This  opeiatioa  is  repotted  from  seven  to  ten  times,  according 
to  its  quality,  ¥rhich  renders  it  more  or  less  difficult  to  manage.  During 
(his  process,  a  crust  forms  on  the  steel,  "which  is  detached  from  it  the  fifth 
time  of  its  exposure  to  Ae  fite,  because  this  cnist  is  composed  of  an  oxydated 
itcel  of  an  interior  qnality .  It  sometimes  happens  that  two,  and  even  threey 
of  these  crusts  are  formed  of  about  two  millimetres,  or  ooe-aixteenth  of  ad 
indv  in  thickness,  which  must  also  be  removed. 

After  all  these  difibrent  fiuaonB,  the  plate  is  beaten  bv  S 
bimmer  wetted  with  waler^  and  the  proper  length,  breadth^ 
and  thickness,  are  given  to  it.  When  tlius  prepared,  thc( 
plates  are  heated  again,  in  order  to  be  pierced  with  holes  by 
pnndies  of  a  coni<^  form ;  the  operation  is  repeated  five  oi^ 
ox  timet,  and  the  punches  used  each  time  are  progressively 
maDcr.  It  is  of  importance  that  the  plate  never  be  heated 
beyeod  a  cherry-red,  because  if  it  receives  a  higher  degree  at 
lint,  the  sted  undergoes  an  un&vourable  change.  The  plates^ 
when  finished,  present  a  very  hard  material,  tvhich  neverthe-^ 
lest  wiQ  yield  to  the  strokes  of  the  punches  and  lum)mer^ 
ifliieh  they  require  when  the  holes  become  too  much  enlarged 
by  the  firequent  passing  of  the  wire  through  them. 

When  the  plates  have  beeti  repaired  several  times,  they 
icqmre  a  degree  of  hardness  wliich  renders  it  necessary  to 
anneal  tbem>  especially  when  th^  pass  from  one  size  tof 
another }  sometimes  taey  do  not  acquire  the  proper  quality 
ontil  they  have  been  annealed  several  times.  Notwithstanding 
an  the  precautions  which  are  taken  in  preparing  the  plates^ 
the  steel  still  varies  a  little  in  hardness,  and  according  to  this 
yviatkm  they  should  be  employed  for  drawing  either  steel  oi^ 
iron  wire ;  and  if  the  workman  who  proves  them  finds  that 
they  are  too  soft,  for  either  the  steel  or  iron,  they  are  put 
<^ade,  to  be  used  by  the  brass-wire  drawers* 

A  pkite  that  is  best  adapted  for  drawing  of  steel-wire  id 
often  unfit  for  the  iron ;  for  the  long  pieces  of  this  lattei' 
metal  will  become  smaller  at  the  extremity  than  at  the  begin- 
ping)  because  the  wire,  as  it  is  drawn  through  the  plate,  in 
u^Mnsibly  heated,  and  the  adhering  parts  are  swelled,  conse-» 
^mtly  pressed  and  reduced  in  size  towards  tlie  latter  end< 
"l^  phtes  that  are  fit  for  brass  are  often  too  soft  for  iron^ 
^  the  effect  resulting  is  the  reverse  of  that  produced  by 
»]^  that  is  too  hard. 

The  smallest  plates  which  Messrs.  MoUchel  use  affe  at  thtf 
ic»t  two  centimetres,  or  eight-tenths  of  an  incb^  in  thickness^ 
^  that  the  holes  can  be  made  sufi^ently  deep ;  for  whed 
tbey  are  of  a  less  thickness,  they  will  seize  the  wire  too  sud' 
telly,  and  imure  it* 
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ThU  Ibcmvenieuce  is  much  felt  in  manufiictories  tviteif 
fhey  ctotinue  to  U^e  the  plates  for  too  long  a  time,  as  they 
become  exceedingly  thin  after  frequent  repairs.  One  of 
Messrs.  Mouchel's  large  plates  reduces  1,400  kilogrammes 
(8^080  lbs.  avoirdupois)  from  the  largest  size  of  wire  to  N'*6, 
which  is  of  the  thickness  of  a  knitting-needle ;  400  1dl(y 
grammes  (880  lbs.)  of  this  number  are  s^rwards  reduced  in 
one  single  small  plate  to  N®  24,  which  is  carding-wirt ;  and 
to  finish  them,  they  are  passed  through  twelve  times  saC" 
cessively. 

Wires  are  frequently  drawn  so  fine  as  to  be  'wrought  along 
with  other  threads  of  silk,  wool,  or  hemp  j  and  thus  they 
become  a  considerable  article  in  the  manufectures. 

Dr.  Wolfeston,  in  1813,  communicated  to  the  Royal  Society 
the  result  of  his  experiments  in  drawing  wire.  Having  re- 
quired some  fine  wire  for  telescopes,  and  remembering  thrf 
Muschenbrock  mentioned  wire  500  feet  of  which  weighed 
only  a  single  grain,  he^  determined  to  try  the  experiment, 
silthough  no  niethod  of  making  such  fine  wire  had  ever  y^ 
been  published.  With  this  view,  he  took  a  rod  of  siIfct, 
drilled  a  hole  through  it  only  otie-tenth  its  diameter>  filled  tiib 
hole  with  gold,  and  succeeded  in  dra^ng  it  into  wire  till  it 
did  not  exceed  the  thr^e  or  four  thousand^  part  of  an  inch, 
and  could  have  thus  drawn  it  to  the  greatest  fineness  percep- 
tible by  the  senses.  Drilling  the  silver  he  found  very  trou- 
blesome, and  determined  to  try  to  draw  platina-wire,  as  that 
metal  would  bear  the  silver  to  be  cast  round  it.  In  this  he 
succeeded  with  greater  ease,  drew  the  platina  to  any  finene^) 
and  plunged  the  silver  in  heated  nitric-acid^  which  dissolved 
it,. and  left  the  gold  or  platina  wire  perfect. 


LEAD  MANUFACTURE. 

liEAD  or^  is  found  in  most  parts  of  the  world*.  In  Britain 
die  principal  lead-mines  are  situated  in  ComwaU,  DeVonshirf) 
and  SdmerSetshire ;  in  Derbyshire,  Ddrham,  Lancashire, 
Cumberland,  and  Westmoreland ;  in  Shropshire,  Flintshire 
Denhiffhshire,  Merionethshire,  and  Montgomeryshire ;  at  dte 
lead-hills  in  Scotland,  on  the  borders  of  Dumfrieshire  and 
Lanarkshire,  in  Ayrshire,  and  at  Strontian  in  Argyleshire. 

The  smelting  of  the  ore  is  performed  by  either  a  bias*- 
flmiace,  callevf  an  ore-hearth,  or  a  revcroeratory-fumace. 
In  the  former  method,  the  ore  and  fuel  are  mixed  top^tlier, 
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and  expoeed  to  the  action  of  the  blast,  which  quickly  fuset 
the  metal,  and  causes  it  to  fall  into  the  lower  part  of  the 
bearth,  where  it  is  protected  from  the  oxygen  of  the  blast 
by  the  scoria  that  floats  upon  its  sur£Etce. 

When  the  fluid  lead  is  tapped,  or  drawn  off,  a  sufiKcient 
qoantity  of  it  is  left  in  the  nirnace  to  float  the  Uquid  scoria ; 
but  when  the  whole  of  the  lead  is  to  be  drawn  off,  the  blast 
is  stopped,  and  some  lime  is  thrown  into  the  furnace  to  con* 
Crete  tae  scoria,  while  the  lead  is  run  out. 

In  smelting  by  the  reverberatory-fumace,  whieh  is  uu- 
doohtedly  the  best  in  piaoes  where  there  is  an  ample  supply 
of  cod,  the  fire  is  made  at  one  end,  and  the  flame  passes  orer 
the  hwth,  and  enters  into  an  oblique  chimney,  which  ter- 
rnmates  in  a  perpendicular  one,  called  a  stack,  of  considerable 
beigfat  The  length  of  the  hearth,  from  the  place  where  the 
fire  enters  to  the  chimney,  is  about  eleren  feet,  two  of  which 
constitute  the  throat  of  the  furnace ;  the  remainder  forms  a 
concare  surfiace,  four  and  a  half  feet  wide  at  the  throat  of  the 
brnace,  seven  feet  four  inches  at  the  (Ustanoe  of  4;wo  fieetirom 
tbe  throat,  seyen  feet  two  inches  in  the  nuddle  of  the  hearth, 
five  feet  eiereu  inches  at  two  feet  distance  from  the  chimney, 
and  two  feet  ten  inches  where  the  flame  enters  the  chimney 
at  two  apertores,  each  ten  inches  square ;  the  throat  of  the 
kvaace  is  two  feet  long,  four  feet  wide,  and  six  inches  deep ; 
the  length  of  die  fire-place  four  feet,  equal  to  the  width  of 
the  throat ;  its  width  two  feet,  and  depth  three  feet,  from  the 
gnte  up  to  the  throat  of  the  furnace;  the  section  of  the 
oblique  chimney  is  sixteen  inches  square,  and  of  the  perpen* 
dicular  twenty  inches,  supposing  a  straight  horizontal  line 
drawn  from  the  lower  plane  of  the  throat  of  the  chimney  to 
tbe  opposite  side  of  the  furnace  ;  the  lower  part  of  the  con- 
cave hearth,  which  is  in  the  middle  of  this  cavity,  is  nineteen 
inches  below  this  line,  the  roof  of  the  furnace  bem^  seventeen 
inches  above  the  same  line ;  the  rest  of  the  hearth  is  conform* 
•^concave. 

The  furnace  on  one  side  has  three  openings,  about  ten 
inches  square,  at  equal  distances  from  each  other,  and  pro- 
vided with  iron  doors,  which  can  be  removed  as  occasion  may 
^^cqoire.  Besides  these  apertures,  which  are  for  the  purpose 
^  rating  and  stirring  the  ore,  &c.  and  consequently,  upon 
a  level  with  the  horizontal  line  above  aBuded  to,  there  ar« 
|wo  others  of  smaller  dimensions,  the  one  to  tap  the  liquid 
«d,  the  other  the  scoria.  The  ore  is  introduced  by  a  vessel 
Mi  the  shape  of  a  hopper  placed  in  the  roof  of  the  furnace. 

The  ores  of  lead^  sinularly  to  those  at  iron  and  most  other 
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inetftb^  Are  cotaUoed  with  virbo»  kiad*  of  teitby  aiattei, 
fdiich  require  them  to  be  yfeU  pounded  b^ore  they  are  iata^ 
ducedintotbereverberafeoryorsmekii^fiirimce.  Thepouod- 
ing  is  sometimes  perfonned  by  women  uai^;  bammens  ^ 
aometimes  the  ores  are  poumled  or  crashed  by  cwsing  tkem 
to  pass  through  iron  rollers  loaded  with  great  weights.  Aftec 
tfie  ores  have  been  pounded  or  crushed,  the  eairtby  matter 
U  separated  by  washmg. 

The  powder  to  be  washed  i3  put  into  a  riddle  or  sieve,  and 
placed  m  a  large  tub  full  of  water ;  when,  by  a  certain  iik>- 
tion^  the  lighter  or  earthy  poits  are  separated  and  thc^wi 
oyer  the  ed^  of  the  riddle,  while  the  metal,  which,  as  ive 
hare  before  stated,  b  always  considerably  heavier  than  iU 
accompanying  ingredients,  is  retained.  There  are  some  in- 
purities,  however,  which  cannot  be  sepacafced  by  thiB  proeeu, 
connsting  principally  of  blmd^  or  hla€k'-jacky  cfdled  mock  or^ 
fmd  pj^tes,  or  sulpbuiet  of  iron,  named  Braxil. 

In  the  process  ai  smelting,  the  ore  is  s^ad  upon  the  coa* 
cave  hearth,  so  tiiat  the  ^me  may  act  upcm  it,  and  release 
the  su^hur.  When  the  sulphur  has  esc^^  ^e  lead  <m> 
bines  with  oxygen,  and  the  oxyd  of  lead,  thira  formed,  com* 
bines  with  amd  reduces  the  earthy  matter  to  a  liquid,  whkb 
floats  upon  the  surface  of  the  metal,  and  Ua  the  remainder  of 
the  opcmtioB^  protects  it  firom  the  action  of  the  oxygen.  The 
temperature  of  the  fturuace  is  now  conaiderabty  raised,  ^» 
B^arate  as  qmddy  as  possible  the  lead  from  the  Uquid  soorias 
alter  which  a  considerable  portion  of  the  scoria  is  tapped  ot^ 
leaving  only  so  much  bdtind  as  is  necessary  to  protect  tbs 
metal  nom  tiie  action  of  the  oxygen.  The  fire  is  now  slackened, 
and  a  quantity  of  slack,  or  remse  pit-coal,  throwa  into  the 
furnace,  which  serves  to  diminish  the  heat,  and  to  conciKte  the 
mdted  scoria;  thoi^  this  last  part  of  the  process  ia  not  well 
done  unless  powder^  Hme  be  aiso  added.  The  sonia  beiog 
^ow  hardaied,  is  broken  to  piecea  by  a  rake,  and  thrust  to 
the  opposite  side  of  the  furnace,  where  it  is  taken  out  through 
the  apertures  ab^eady  menfkmedt 

The  lead  is  now  tapped^  in  a  manner  similar  to  that  d»* 
BcrU)ed  in  the  masmlactorfr  of  iron,  wd  ia  idlowed  ta  run  into 
a  large  iron  pan,  from  whence  it  is  laded  into  moulds  to  cast 
into  pigs«  When  the  ores  abound  with  blind,  or  black-jack,  oc 
sulphate  of  iron,  it  becomes  neceipsary  to  add  the  fluait  of  Ume, 
as  aflinc. 

The  scoria  is  sttU  found  to  eoataip  some  lead,  mdependept 
of  that  in  the  state  of  oxyd,  and  ohemioaUy  condiined  with  i^ 
mi  is  consequentiy  exposed  to  the  heat  of  another  ftunace, 
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ktkkg  a  flpcdes  of  hhtl^  and  cdled  a  ikg«b«artb»  which  fua^ 
tiie  seotia^  and  causes  the  metal  to  penetrate  through  itj  wai 
ML  into  a  cavity^  where  it  is  protected  from  the  agency  of 
(be  bfai^  and  from  whence  it  is  talcen  add  cast  into  pigs. 

As  all  lead  ores  contain  more  or  less  of  silver,  we  shall 
exttact  fircm  Dr.  Rces*s  Cydopadiathe  method  by  which  the 
siItot^  by  the  oxydation  of  the  lead,  is  extracted. 

^A  ahaUo w  vessd^  or  cnpel,  is  filled  wi;th  prepared  fern-ashes 
wen  rammed  down,  and  a  cuncayity  cut  out  for  the  reception 
of  tiie  lead,  with  an  opening  on  one  side  for  the  mouth  of  the 
bellows,  through  which  the  air  is  forcibly  driven  during  the 
pToceas.  The  French  smelters  cover  the  surface  of  the  ashes 
with  hay,  and  armnge  symmetrically  the  pieces  of  lead  upon' 
it.  When  the  fire  is  lighted,  and  the  lead  is  in  a  stnte  of 
ftnion  from  the  reveriioration  of  the  flame,  the  blast  from 
Ifae  bellows  is  made  to  play  forcibly  on  the  surface,  and  in  a 
short  time  a  crust  of  yellow  oxyd  of  lead,  or  litharge,  is 
farmed,  and  driven  to  the  side  of  the  cupel  opposite  to  the 
month  of  the  bellows,  where  a  shallow  side  or  i4>erture  ia 
made  for  it  to  pass  over ;  another  crust  of  litharge  is  formed 
and  driyea  ofi^  and  this  is  repeated  in  succession  till  nearly 
all  tiie  kad  Ins  been  converted  into  litharge  and  driven  oil 
The  operation  eontiinies  about  forty  hours,  when  the  complete 
separatkni  of  the  lead  b  Indicated  by  a  brilliant  lustre  on  the 
convex  sarlace  of  the  melted  mass  in  the  cupel,  which  m 
occasioned  by  the  removal  of  the  last  crust  of  litharge  that 
covered  the  silver.  The  French  introduce  water  through  a 
tabe  into  the  cupel,  to  cool  the  silver  nmidly,  and  prevent  ita 
q>irting  out,  which  it  does  when  the  refirieeration  is  gradual, 
owing  probably  to  its  tendency  to  crystaUize.  In  En^and 
the  sUver  is  left  to  cool  in  the  cupel,  and  some  inconvenience 
is  caused  by  the  spirtinf^  \ribich  might  be  avoided  by  the 
ferfticr  mode* 

^  The  sHver  thus  extracted  ia  not  sufficienify  pure ;  it  ia 
again  refined  in  a  reverberalory-fumace^  being  placed  in  a 
capel  fined  vMi  bone  ashes,  and  exposed  to  greater  heat  | 
the  lead  widch  has  eaciq>ed  oxydation  by  the  fint  process,  ia 
tMvtrted  into  litharge,  and  absorbed  by  the  ashes  of  tha 
capd. 

^  The  last  portions  of  Htharge  in  the  first  process  are  apuft 
ninedfor  sihrer,  of  which  it  contimis  a  part  which  was  driven 
off  with  it.  The  litharge  is  conyerted  into  lead  again  by 
heating  itmth  charcoal ;  part  is  sometimes  sold  for  pigment, 
^'r  oonvertcd  into  red^lcad.  The  loss  of  lead  by  this  process 
differs  considerably,  aocordiBg  to  the  quality  of  the  lead* 
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The  Utharge  cmnmoiily  obtained  firom  three  tou  of  ]M 
eii;iiounts  to  58  hundred  weight ;  but  when  it  is  again  reduced 
tb  a  metallic  state,  it  seldom  contains  more  than  52  bundled 
weight  of  lead,  the  loss  on  three  tons  being  eij^t  hondred 
weight  The  Dutch  ure  said  to  extract  the  silver  firam  Ae 
same  quantity  of  lead  with  only  the  loss  of  six  hundred 
weiffht." 

Having  explained  the  process  by  whidi  pig-lead  is  ex- 
tracted m>m  the  ores,  it  now  remains  for  us  to  show  the 
methods  by  which  nig-lead  is  manufactured  into  sheet-lead, 
or  into  the  tubes  call^  lead-pipes. 

In  the  manufecture  of  sheet-lead,  the  ingots  or  pigs  aie  pat 
into  a  large  caldrqn  or  furnace  built  witii  free-stone  and 
earth.  Near  this  furnace  is  the  table  or  mould  on  which  the 
sheel  is  to  be  cast ;  it  is  made  of  lai^  pieces  of  wood,  wdl 
jointed,  and  bound  at  thie  ends  with  bfurs  of  icon,  and  hii 
a  ledge  or  border  of  wood,  about  two  or  three  inches  thid, 
and  one  or  two  high,  called  the  sharps.  The  tables  aie 
usually  about  three  or  four  feet  wide,  and  from  eighteen  to 
twenty  feet  long.  The  table  is  covered  with  very  fine  sand, 
which  is  prepstfed  for  the  casting  by  moistening  it  with  desr 
water,  working  it  together  with  a  stick,  beating  it  flat  with 
a  mallet,  and  smoothing  it  with  a  piece  of  brass  or  wood^ 

A  long  narrow  piece  of  wood,  with  notches  cut  in  each  end 
so  as  to  fit  the  ledges,  is  placed  over  the  table,  and  b  so 
arranged^  that  the  space  between  it  and  the  sand  shall  be 
proportionate  to  the  intended  thickness  of  the  plate.  The 
woncman  gradually  slides  the  strike  from  one  end  of  the 
table  to  the  other,  by  which  means  he  obtdns  a  sheet  of  the 
requisite,  and  in  all  parts  of  equal,  thickness. 

At  the  top  of  the  table  is  a  large  triangular  iron  peel  or 
shovel,  with  its  fore  part  bearing  upon  the  edge  of  the  tiAle, 
and  the  hinder  part  on  a  tressel,  somewhat  lower  Uian  the 
table ;  the  design  of  which  is,  to  prevent  the  liquid  metal 
running  off  at  the  fore  side,  where  there  is  no  ledge.  Hie 
metal  being  sufficiently  fused,  is  taken  out  of  the  furnace  oc 
caldron  with  a  large  iron  ladle,  and  is  put  into  the  peel, 
where  it  is  cleansed  of  its  impurities  by  using  another  lacge 
iron  ladle  pierced  like  a  scummer.  The  handle  of  the  peel  ia 
now  raised,  which  causes  the  liquid  metal  to  run  into  the 
mould,  while  the  workman,  with  the  strike,  regulates  the 
thickness.  When  the  sheet  is  of  the  required  thicknfW) 
the  handle  of  the  peel  is  lowered,  and  the  sheet  is  allowed  ta 
eooL  When  set,  the  edges  on  both  sides  are  planished  itt 
order  to  rendcf  tbeip  smooth  and  straight. 
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The  metbod  above  described  is  only  used  in  casting  larse 
«heets  of  lead ;  in  casting  sheets  of  smaller  dimensions^  t£e 
table  or  mouldy  which  is  placed  in  an  inclined  position^  is,  in 
Ilea  of  sand,  covered  with  a  piece  of  woollen  stuff,  nailed 
down  at  both  ends,  and  over  that  is  placed  a  very  fine  linen 
dodL 

In  this  process  great  attention  must  be  pdd  to  the  heat 
pf  the  liqmd  metal,  and  a  piece  of  paper  is  used  as  a  test ; 
if  the  pi^er  take  fire,  the  lead  is  too  hot,  and  would  de- 
stpoy  the  linen ;  if  it  be  not  shrunk  and  scorched,  it  is  not 
hot  enou^. 

When  the  sheets  are  required  to  be  very  thin,  it  is  neces- 
sary to  make  the  peel  and  strike  of  one  piece.  It  is  a  kind 
of  wooden  box  without  a  bottom,  being  closed  only  on  three 
aides ;  the  back  of  it  is  about  seven  or  eight  inches  high,  and 
the  two  sides,  like  two  acute  angles,  diminish  to  the  top ;  the 
width  of  the  middle  makes  that  of  the  strike,  which  again 
makes  that  of  the  sheet  to  be  cast. 

The  strike  is  so  placed,  that  the  highest  part  is  towards 
the  lower,  and  the  two  sloping  sides  towards  the  upper  end 
of  the  taUe.    The  top  part  of  the  table,  where  the  metal  is 

Gured  in,  is  covered  with  a  pasteboard,  which  serves  as  a 
ttom  to  the  case,  and  prevents  the  linen  firom  being  burnt 
while  the  metal  i^  pouring  in. 

The  strike  or  peel  being  filled  with  lead,  according  to  the 
intended  size  of  the  sheet,  two  men,  one  at  each  side,  seize 
hold  of  it,  and  with  greater  or  less  velocity,  as  the  sheet  is  to 
be  more  or  less  thick,  force  it  down  the  inclined  table  ;  for 
the  thickness  of  the  sheet  always  depends  upon  the  velodtv 
with  which  the  strike  slides  down  the  table.  The  sheet-lea^ 
after  casting,  is  frequently  reduced  by  rollers. 

As  this  particular  department  is  so  intimately  connected 
with  the  bu^ess  of  a  plumber,  we  shall  not  be  considered 
^  departing  from  the  subject  by  inserting  the  following 
tables,  firom  Hutton's  Mensuration. 

Plumber's  work  is  commonlv  estimated  by  the  pound  or 
hnndred  weight ;  but  the  weiglit  may  be  dis^vered  by  the 
BBieasure  of  it,  in  the  manner  below  stated.  Sheet-lead  used 
m  roofing,  guttering,  &c.  is  commonly  between  seven  and 
twelve  pounds  weight  to  the  square  foot ;  but  the  following 
table  shows  by  inspection  the  particular  weight  of  a  square 
foot  tat  each  oi  s^^eral  thicknesses. 
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to  •  •qu«i«  flMl. 

ThkkBMi. 

ttfalqo&rclbat 

•W 

6-899 

•15 

8-848 

•n 

6-489 

•1« 

9-498 

) 

6-5M 

i 

9-831 

la 

7-078 

•17 

10-028 

i 

7-373 

•18 

10618 

13 

7-668 

•19 

11-207 

14 

8*^8 

•2*i 

U-797 

f 

8-427 

^1 

12387 

In  tills  table  the  thickness  is  set  down  in  tenths  Md  kun- 
dredths,  &c.  of  an  inch  j  and  the  annexed  correqMm^&g 
numbers  are  the  weights  in  avoirdupois  pounds  and  thou- 
sandth parts  of  a  pound.  So  the  wei^t  of  a  square  fool  of 
•x!^  or  -Mr  of  au  inch  thick  is  5  pounds  and  -MV  of  a  pound ; 
and  the  weight  of  a  square  foot  to  one-ninth  of  an  faidi 
thidoiess  is  6  pounds  and  -^Mr  of  a  pound.  Lead  pij^ 
of  an  inch  bore  is  commonly  13  or  14  pounds  to  the  yard  m 
length. 

£XAMt>LCS  : 

1.  How  mucti  weighs  the  lead  whiek  ii  3d  fnl  6  iadtm  Wdgi  and  I  fcet 
a  iadie*  hioad,  at  8|  Ibt.  to  Uw  aqnaie  fool  ? 


Dedmab. 

39-5 
31 


DvodMimali. 
99-  6 

a-  3 


118-5 
9-875 

128-375 
H 

1927-000 
641875 

109M875 


118-  6 
9-104 

1^-  4-6 


1024 

64 


% 


Anmrer. 


1091^1^6. 


2.  What  cost  die  covering  and  guttering  of  a  roof  with  lead,  st  18l.  p«r 
cwt ;  the  length  of  the  roof  being  43  feet,  and  the  breadth  or  girth  o«w  it 
32  feet,  the  guttering  57  feet  long,  and  2  fe^t  wide  $  tbe  fenaer  9^  Rm* 
and  the  latter  7,378  lbs.  to  the  tquaie  foot  I'^-^Aniwtr,  1152.  9«.  Ifd 

It  is  now  time  to  direct  otnr  attention  to  the  manvfiutut 
of  lead  pipesj  which  are  universally  etntdoyed  for  imifl 
water-pipes^  from  the  facility  of  benmng  them  hi  aiiydiree» 
tion,  aud  soldering  their  joints. 

L«ad  pipes  are  sometimes  cast  in  an  iron  movAd^  xuade  ii 
two  halves^  forming,  when  put  together,  a  hollow  cylidneri 
of  the  size  of  the  intended  pipe ;  in  this  cylinder,  or  mooM, 
is  put  an  iron  rod  or  core^  extending  from  the  top  to  tho 
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botton,  iBd  leftvb%  all  round  »  ipace  betwew  It  a&d  tbc 
cylinder  of  the  intended  thickness  ot  the  pipe.  The  lead  b 
poiDed  in  at  a  spout,  formed  by  two  corresponding  notches 
cat  in  each  half  of  the  mould ;  and  a  similar  bole  is  made  at 
another  place  for  the  eiN;^>e  of  air«  The  mould  is  fastened 
dovm  upon  a  benchy  upon  wbich^  at  one  end,  and  in  a  line 
with  its  centze,  is  a  rack,  moved  by  tootbed*wheeIs  and 
{■ahmsw 

When  the  pipe  is  cast,  a  book  at  the  end  of  the  rack  is  put 
iolo  an  eje  at  uie  end  of  the  iron  core,  which,  by  the  actum 
gI  the  cog-wheels  and  pbions,  is  drawn  so  far  out<  that  about 
taro  iacbea  of  it  only  remam  in  the  end  of  the  pipe }  the  two 
hahrea  of  the  mould,  which  fasten  together  by  wedges  or 
aerewB,  are  now  separated  from  the  pipes,  and  are  fastened 
vfan  the  iron  core,  and  the  two  inches  (rf  lead  pipe  attached 
to  it;  melted  lead  is  again  poured  into  the  mould,  which, 
imitiiig  with  the  end  of  the  first  piece,  forms  the  pwe  of  con- 
flidecable  kagth  y  and  the  operation  is  repeated  tul  it  be  of 
the  kngth  required. 

Aao&er  and  a  much  better  method  i^  to  cast  the  lead  in  aa 
inm  monU  upon  a  eyllndrteal  iron  pipe,  of  a  size  proportioned 
to  the  bore  of  the  pipe  to  be  made,  and  leaving  a  space  be*^ 
tween  the  core  and  the  mouU  three  or  four  times  the  thiclc- 
nem  ci  the  intended  pipe,  and  in  short  lengths,  which  are 
sAcannifda  dsawn  through  holes  in  pieces  of  steel,  sionlar  to 
Ike  ^roeeas  of  whre*drawkg,  tUl  the  pipe  is  reduced  to  the. 
vaqtuml  thickness. 

Aaatbfff  method  is  that  for  which  the  celebrated  iron* 
mana&ieUHPer,^  Mr.  John  Wilkinsooy  of  Brosely,  took  out  a 
uattBt  hn  1790,  and  whieh>  since  the  expiration  of  his  patent, 
mm  becm  avccessfiiDy  pcactised  by  many  other  BDanu&cturers^ 
Thb  mtthod  ooBsiats  ki  casting  adrciuar  piece  erf  lead,  about 
eif^iteen  inches  long,  with  a  cove  or  hole  longitudinally 
dmmgh  ita  centre*  Thia  piece  ia  of  considenJ^y  ]&n?er 
dtbraster  tbaft  that  of  the  ^ipe  intended  to  be  made,  'fiie 
anc  Of  hole  at  one  extremity  suddenly  decreases,  so  aa  to 
finrm  on  the  iotetoal  suiiiace  of  the  piece  of  lead  a  stoo  or 
shduMer,  agpiioat  wUeh  a  polished  iron  triblet  or  mandrd, 
isfakh  haa  be^  mesed  thus  £ur  along  the  core,  rests.  This 
taUet  m  msmirek  is  of  somewhat  greater  length  than  the 
required  of  the  p^  to  be  manuCsctiwed,  which, 
lyspeakangi  ia  from  seven  to  nine  feet.  Askimia  %cvewp 
:  a  loop  si  &e  opposite  end,  is  then  passed  down*  the 
eibdm  the  cote,  aad  is  screwed  kito  that  part  of  the 
idael  whid  rosta  ^puAst  the  shoulder^     Ia  this  stats 
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the  mandrel^  with  the  dicuiar  piece  of  lead  fixed  fttft  on  H,  b 
taken  to  the  drawing-table. 

The  drawing-table  in  the  principle  of  its  operation  reaem- 
bles  the  block  described  in  the  Wire  Manuracture  in  every 
respect,  though  it  is  &r  more  powerful.  Hie  table  generally 
used  is  about  thirty  feet  long,  by  two  feet  wide }  having  at 
one  end  a  powerful  cylinder  with  a  chain  attached  to  it 
This  cylinder  receives  motion  firom  a  steam-engine,  or  other 
first  mover,  and  can  be  thrown  in  and  out  of  geer  by  an  ads^ 
ation  of  any  one  of  the  appropriate  modes  described  under 
the  article  '^  Mill-geering.  About  two-thirds  the  length 
cf  the  bench  from  the  cylinder,  or  roller,  are  two  pins  or  stops 
to  hold  a  steel  plate,  which  has  a  gradation  of  conical  hotok 
Through  the  largest  of  these  holes,  ^ddch  is  somewhat  le« 
than  we  diameter  of  the  circular  piece  of  lead,  the  loop  that 
is  screwed  on  to  the  end  of  the  mandrel  is  passed,  and  attached 
to  a  hook  at  the  extremity  of  the  ctudn,  which  chain  is  affixed 
to  the  cylinder  or  roller.  The  cylinder  being  now  thrown 
into  geer,  the  piece  of  lead  is  drawn  through  the  hole  in  the 
steel  plate,  which  diminishes  it  in  diameter,  and  increases  it 
in  length ;  and  this  operation  is  carried  suoeessively  thsoo^ 
the  series  of  gradually  decreasing  holes  in  die  dnw^jdite, 
until  the  pipe  is  reduced  to  the  required  diameter.  Tbe 
cyUnder  is  now  struck  out  of  geer,  and  the  mandrel  liberated 
firom  the  chain,  which  is  immediately  attached  to  the  other 
end  of  it.  The  steel  draw-plate  being  now  removed,  the 
stops  a^^st  which  it  rested  allow  the  mandrd  to  pass  be- 
tween uiem,  but  detain  the  lead  pipe,  which,  consequendy, 
by  striking  the  cylinder  into  geer,  allows  the  inandrk  to  be 
extricated  from  it.  A  small  portion  of  pipe  being  cut  off  tt 
both  ends,  the  pipe  is  considered  finished.  Through  the 
whole  of  the  operation,  great  care  is  taken  to  keep  the 
mandrel  and  steel  plate  weU  oiled. 

As  no  acid  can  pass  through  lead  pipe  without  becommg 
more  or  less  affected  hj  its  deleterious  qualities,  it  is  neces- 
sary in  cases  where  acids  are  used,  to  have  pipes  made  of 
iron,  or  of  lead  lined  with  tin.  To  line  lead  pipe  with  tia, 
the  1«k1  pipe  must  be  cast  in  a  vertical  mould,  which  hai 
a  core  of  somewhat  larger  diameter  than  the  intmded  bore  of 
the  pipe  passing  down  its  centre.  When  the  pipe  is  cae^ 
and  the  metal  is  set,  this  mandrel  is  drawn  out  of  tiie  moold, 
and  another  of  smaller  diameter  is  substituted.  About  tf 
much  coarse  resin  as  will  lay  on  a  shilling  is  now  thrown  inte 
the  space  between  the  pipe  and  the  core  or  mandrel  jo^ 
passed  down  the  mould.    This  resin  by  the  h^  of  the  lead 


Digitized 


by  Google 


is  melted,  and  runs  to  the  bottom  of  the  mould.  The  melted 
tin  being  now  poured  in,  the  resin  will  float  on  its  surface^ 
and,  consequently,  as  the  tin  rises,  anoint  the  tin  in  every 
part,  and  act  as  a  flux,  and  unite  the  two  vessels.  As  soon 
as  the  tin  is  set,  the  last-mentioned  mandrel  is  drawn  out, 
and  the  external  mould  being  removed,  the  lead  now  lined 
with  tin  is,  when  quite  cold,  ready  to  be  submitted  to  the 
process  of  drawing.  Various  6ther  equally  simple  processes 
are  adapted  to  this  purpose. 


PAPER  MANUFACTURE. 

Pafbr,  that  highly  valuable  substance,  which  enables  u^ 
to  commanicate  our  thoup^hts  to  persons  situate  at  the  most 
Astmt  qiiarters  of  the  civilized  globe,  is  manufactured  firom 
IMS,  by  the  aid  of  machinery. 

ft  was  formerly  necessary  to  assort  with  great  care  the 
rags  which  were  intended  to  be  manufactured  into  paper ; 
ai^  none  but  the  whitest  and  best,  and  which,  consequently, 
were  the  most  expensive,  could  be  made  into  paper  of  the 
fiaest  quality  >  but  since  the  introduction  of  chlorine  (which 
was  discovered  by  Scheele)  into  our  bleaching  establishments^ 
the  necessity  of  this  assortment  has  been  greatly  obviated  ; 
as  it  was  soon  conceived  that  that  chemic^  i^encv,  which 
was  capable  of  bleaching  linen,  was  also  applicable  to  the 
whitening  of  the  rag  during  the  process  of  paper-maldng. 

At  that  period  of  the  process,  when  the  rag  is  coming  into 
a  state  of  pulp^  chlorate  of  lime,  which  was  first  manu&ctured 
by  lb.  Tennant^  of  Glasgow,  is  introduced  into  the  vat;  and, 
by  its  chemical  action  on  the  fibre,  whitens  or  bleaches  the 
nhok  mass ;  thus  enabling  the  manufacturer  to  produce  a 
iriiHer  and  much  finer  quality  of  paper  from  rags  of  a  se- 
C0Ddfla7  quality,  than  he  had  heretofore  dene  from  rags  of 
the  most  expensive  description.  It  must,  however,  be  ad* 
mkted  that,  as  in  all  bleaching  processes  where  the  fibre  is 
more  or  less  deteriorated  bv  the  action  of  chlorine,  the  paper 
manuiactured  and  whitened  by  this  agent  is  not  so  strong  as 
that  formerly  produced ;  as  may  be  observed  ia  some  thick 
«iid  beautifully  white  papers  firequently  offered  to  the  pubUc 
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M  AilDQipblng  low  pricey,  wbich  are  manufoctured  from 
(xrfoured  and  i&ferior  ragBj  with  a  si^erabundance  of  th^ 
cUomte  of  lime  i^troducea  in  the  process  of  the  manufiictttre. 
Bv  this,  therefore,  it  is  evident  that  the  chlorate  of  lime, 
when  used  too  abundantly,  wiQ  rot  or  destroy  the  fibre  of  the 
whole ;  but  when  judiciously  applied,  it  produces  a  ps^per  of 
superior  colour,  and  of  adequate  strength  for  aU  practical 
piurposes. 

The  paper-mill  consists  of  a  water-wheel,  or  other  first 
mover,  connected  with  a  combination  of  toothed  and  other 
wheels,  so  arranged  as  to  cause  the  cylinder  in  the  tffosher, 
and  the  one  in  die  fr^o^iii^engine,  which  will  be  hereafter 
described,  to  make  from  120  to  150  revolutions  per  miniite. 
On  the  same  shaft,  and  of  the  same  size  as  the  water-wheel, 
is  a  toothed  or  cc^gged  wheel,  which  plays  in  a  pinion ;  the 
spindle  of  this  pinion  is  furnished  with  a  crank,  which,  by 
means  of  a  connecting  rod,  gives  a  reciprocating  motion  tot 
lever,  for  the  purpose  of  working  two  pumps,  which  nuse 
a  constant  stream  of  water  from  the  miH-dam.  This  streus 
of  water  is  kept  running  through  the  rags  in  tibe  wsabiof- 
engine,  to  carry  away  ue  dirt  separated  from  them  by  the 
operation.  The  structure  of  an  engine  is  more  minirtiely 
explained  bv  figs.  371,  372,  373,  3/4,  &c.  j  fig.  371  b^ 
a  section  tnrough  the  length  of  the  engines,  and  fig.  3^ 
a  horizontal  plan. 

Tlie  Isjffe  vat  or  cistern,  A  A,  is  of  an  oblong  fignre  on  the  oatniky  At 
angles  being  cut  off;  but  the  inside,  which  is  lined  with  lead,  has  straiflt 
sides  and  circular  ends.  It  k  divided  by  a  partition,  6  B,  also  covem 
with  lebd.  The  cylinder  C  is  fixed  fast  upon  the  spindle  D.  which  extends 
across  the  engine,  and  is  put  in  motion,  as  before  described, by  the  pinion^ 
placed  on  the  extremity  or  it.  The  cvUnder  is  made  of  wood,  and  nimisiiea 
with  a  nxmiber  of  teeth,  or  cutters,  fixed  fast  on  its  circumference,  panlkl 
to  the  axis,  and  projecting  about  an  inch,  as  is  shown  on  a  larger  scale  tt 
fig.  375. 

Immediately  beneath  the  cylinder,  a  block  of  wood,  H,  is  placed,  and 
provided  with  sirnilar  cutters  to  those  of  the  cylinder,  which,  when  they 
revolve,  pass  very  near  the  teeth  of  the  block,  but  do  not  tondi ;  tiie  dis- 
tance  between  them  being  capable  of  regulation,  by  elevating  or  depceuiai 
(he  bearings  on  which  the  necks  D,D,  of  the  spindle  are  supported.  Thtie 
bearings  are  made  on  two  levers,  F,  F,  which  have  tenons  at  their  ends, 
fitted  into  upright  mortises,  made  in  short  beams,  G,  G,  bolted  to  the  sides 
of  the  engine.  (See  also  fig.  373.)  The  levers,  F,  F,  are  movable  at  one 
end  of  each,  the  other  ends  being  fitted  to  rise  and  frll  on  bolts^  la  the 
beams  G,  as  centres. 

The  front  one  of  these  levers,  or  that  nearest  to  the  cylinder  C,  is  capable 
of  being  elevated  or  depressed,  by  turmog  the  handle  of  the  screw  |^ 
which,  as  shown  in  fig.  373,  acts  in  a  nut  a,  fixed  to  the  tenon  of  F,  and 
oomes  up  through  the  top  of  the  beam  G,  upon  which  the  head  of  the  i 
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iti  bearing.    Two  brasses  ore  let  into  the  middle  of  tile  kv«n  F.  F, 

and  form  the  bearings  for  the  s|^indle  of  Hne  engine  to  wwk  upon.  The 
screWy  b,  is  used  to  raise  or  lower  the  cyliBder,  and  eanse  it  to « cot  foier  or 
^omjser,  hj  enlarging  or  diminishing  the  space  between  the  cottera  in  tbt 
blocky  ana  those  of  the  cylinder. 

Near  K,  figs.  3T1  and  372,  b  a  ctreular  breasting  made  of  boards,  ani 
coveied  with  sheet-lead :  it  is  curved  to  fit  the  cylinder  very  truly,  and 
learres  but  Tery  tittle  space  between  the  teeth  and  breasting.  An  i«cUiied 
plaaio,  K,  leads  regularly  from  the  bottom  of  the  engine-Tat  to  the  top  of 
this  breasting ;  and  at  the  bottom  of  it  tiie  block,  H,  is  fixed. 

Tbe  engine  is  supplied  with  water  br  a  pipe,  Q,  bringing  it  fipora  the 
pump;  this  pipe  delivers  it  into  a  small  cistern,  M,  adjoining,  ojid  com- 
municatiog  witn  the  engine.  The  pipe  has  a  cock,  P,  to  stop  me  entrance 
of  the  water,  when  required,  or  to  regulate  the  quantity  oi  its  discharge. 
The  small  cistern  has  a  grating  fixed  across  it,  covered  wiUi  a  hair-strainer, 
to  catch  any  extraneous  matter  which  may  come  in  with  the  water,  or  a 
flannel  bag  is  sometimes  tied  over  the  orifice  of  the  cock,  P,  through 
which  all  Uie  water  must  be  filtered.  When  the  engine  is  filled  with  water, 
and  a  quantity  of  rags  put  in,  they  are,  by  the  revolution  of  the  cyhnder, 
drawn  between  its  cutters  and  the  teeth  of  the  blodt  H.  This  cuts  then 
in  pieces,  then,  by  the  rapid  motion  of  the  cylinder,  the  rags  and  water  are 
thrown  over  the  top  of  the  breasting,  upon  the  inclmed  plane ;  in  a  short 
time,  this  raises  more  rags  and  water  into  that  part  of  the  engine-vat ;  and 
the  tendenqr  to  restore  the  equilibrium  pnts  the  whole  contents  of  ^  vat 
in  slow  motion,  down  the  incuned  plane  K,  and  round  the  partition  B  B, 
by  which  they  come  to  the  cylinder  again  in  about  the  space  of  30  rainutea; 
so  that  the  rags  are  repeateiny  cot  and  chopped  in  every  direction,  till  they 
are  redqced  to  a  pulp. 

This  circulation  is  of  advantage,  in  turning  the  rags  ov«r  in  Uie  engine, 
and  causes  them  to  present  themselves  to  the  cutters  in  a  diflbrent  direction 
every  time;  for  as  the  cylinder  cuts  or  clips  in  straight  lines,  in  the  same 
manner  as  apair  of  shears,  it  is  requisite  to  cut  the  rags  across  in  difeenl 
directions,  to  reduce  them  to  a  pulp. 

The  manner  of  the  cuttipg  is  this :  the  teeth  of  the  block  are  pkeed 
rather  inclined  to  the  axis  of  the  cylinder,  as  shown  by  6g.  374,  but  the 
teeth  of  the  cyliodier  are  parallel  U>  iu  axis ;  therefore,  the  cutting  edges, 
i«hen  they  meet,  are  at  a  small  angle,  and  come  in  contact  first  at  one 
end,  and  then  successively  the  contacts  proceed  along  to  the  other  end,  so 
that  any  rags  interspersed  between  them  are  cut  in  the  atmt  manner  at 
^hey  woold  be  between  the  blades  of  a  pur  of  sheara.  Sometimes  the 
pwesor  eutters,  J^  in  ^e  hMn,  are  beat  to  an  angle  in  the  middle,  instead 
of  beiag  straight,  and  inclined  to  the  cylinder;  in  this  case,  they  art 
caHad  efhow  plates,  and  of  course  the  two  ends  are  both  inclined  to  the 
axb  of  the  cyliiuler  in  opposite  directions.  In  either  case,  the  edges  of 
the  plate  of  the  block  caanot  be  straight  lines,  but  must  be  curved,  to 
adapt  thcBnebFCi  to  the  carve  which  a  line  traoed  on  the  ijlinder  will  of 
esarsthave. 

The  plates  or  cutters  of  the  block  arc  united,  by  screwing  them  altogether, 
tad  fitting  them  into  a  cavity  cut  out  in  the  wooden  block  H ;  their  edges 
ve  herelled  away  on  one  side  only;  as  shown  at  A  in  the  section,  fig.  374. 
tV  hk)ck  is  fixed  in  its  place  by  being  made  dove-tailed,  and  truly  fitted 
inio  the  bottom  of  the  cistern,  so  that  the  water  wUl  not  leak  by  it.  The 
•ad  of  it  comes  through  the  wood-work  of  the  chest,  and  projects  a  small 
distance  on  the  outside  of  it,  being  kept  up  to  its  place  by  a  wedge,  so  that 
by  withdrawing  this  wedge,  the  block  becomes  loose,  and  ean  b«  removed. 
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to  sharpen  tht  cottert,  as  occasion  requires.  This  is  done  on  a  grindstoiM^ 
IheplaAes  being  first  separated  from  each  other. 

Ine  cutters  of  the  cylinder  are  fixed  into  grooves,  cut  in  the  wood  of  tbt 
cylinder,  at  equal  distances  from  each  other  round  its  circumference,  in  a 
direction  parallel  to  its  axis ;  the  number  of  these  grooves  is  twenty ;  and 
for  the  washer,  each  groove  has  two  cutters  or  bars  put  into  it ;  then  a  6llet 
of  wood  is  driven  £ist  in  between  them,  to  hold  them  firm ;  and  the  iUleu 
are  kept  &it  by  spikes  driven  into  the  solid  wood  of  the  cylinder.  T\a 
b^ter  is  made  in  the  same  manner,  except  that  each  groove  contains  ihiH 
Vars  and  two  fiUets,  as  shown  in  fig.  375. 

In  the  operation  of  the  cylinder,  it  is  necessary  that  it  should  be  enclosed 
in  a  case,  or  its  great  velocity  would  throw  all  the  water  and  rags  out  of  the 
engine.  The  case  is  a  wooden  box,  L  L,  enclosed  on  all  sides  except  the 
Ibottom ;  one  side  of  it  rests  upon  the  edge  of  the  vat,  and  the  other  npoo 
the  edge  of  the  partition  BB.  Tl^e  lines,  cc,  represent  the  edses  of  woodes 
frames,  whi<^  are  covered  with  hair  or  wire-clow ;  and  immediately  bdiiad 
these,  the  box  is  made  with  a  bottom,  and  a  ledge  towards  the  cylinder, 
which  makes  a  complete  trough. 

The  dark  spaces,  e  e,  in  fig.  371,  show  the  situation  of  two  openings,  or 
spouts,  throuKh  the  side  of  the  case,  which  lead  to  flaC  lead-pipes,  6,  ^ 
fig.  372,  whi<£  are  placed  by  the  side  of  the  vat  ;^  the  beam,  F,  being  ctf 
away  for  them.  There  are  waste  pipes,  to  convey  away  the  foul  water  fioa 
the  engine;  for  the  cylinder,  as  it  turns,  throws  a  great  quantity  of  crater 
and  rags  against  the  sieves ;  the  water  goes  through  them,  and  runs  down 
into  the  trough  at  e  e,  and  from  thence  into  the  en&  of  the  lead  pipes,  h,  i^ 
fig.  372,  by  which  it  is  conveyed  away ;  d,  d,  fig.  3^1,  are  grooves  ht  tm 
boards,  wmch,  when  put  down  in  their  places,  cover  the  hair-sieves,  and 
stop  the  water  from  going  through  them,  if  it  is  required  to  retain  the  water 
in  the  engine.  This  is  always  the  case  in  the  beating-engines,  and  tberdbre 
they  are  seldom  provided  with  these  viraste-pipes,  or  at  most  on  one  side 
only ;  the  other  side  of  the  cover  being  curved,  to  conform  to  the  cylinder. 
Except  this,  the  only  difference  between  the  washing-engine  and  the  better 
is  that  the  teeth  of  the  latter  are  finer,  having  60  instead  of  40  bars  on  its 
circumference ;  and  it  revolves  quicker  than  Uie  washer,  so  that  it  will  cot 
and  divide  those  particles  which  pass  through  the  teeth  of  the  vrasher. 

The  ra^  being  now  reduced  to  a  state  of  pulp,  we  ahall  iii 
the  next  place  proceed  to  show  the  method  of  forming  it  into 
sheets  of  paper. 

It  was  formerly  the  custom  to  allow  a  small,  but  sufficient 
portion  of  the  pulp  to  flow  on  a  sieye  fiimiiihed  with  two 
handles,  which  sieve  was  agitated  by  a  workman  until  the 
pulp  had  subsided  or  settled  regularly  throughout  the  surface. 
This,  when  it  had  passed  Um)ugh  the  usual  processes  of 
pressing,  drjring,  &c.  constituted  a  sheet  of  paper;  and  its 
texture  was  inmcated  by  the  fineness  of  tiie  quality  of  the 
wire  out  of  which  the  sieve  was  constructed. 

This  unmechcudical  and  desultory  mode  of  operation  has 
been  obviated  by  improvements  emcted  by  many  ingeoious 
persons ;  but  the  machines  which  are  now  almost*  universally 
employed,  and  which  have  most  decidedly  superseded  all 
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Other  attempts  at  the  same  object,  was  tlie  invention  of  the 
Messrs.  Fourdrinier.  The  action  and  arrangement  of  this 
ingenious  piece  of  mechanism  consists  in  having  a  horizontal 
frame,  of  any  required  length,  furnished  with  a  roller  ot 
cylinder  at  each  end,  over  which  is  stretched  an  endless  web 
ti  brass  wire,  of  the  requisite  texture  or  fineness  for  the 
paper  about  to  be  manufactured.  At  one  end  of  the  frame, 
parallel  with,  and  immediately  over,  one  of  the  cylinders,  is  a 
long  angular  trough,  into  which  the  pulp  is  received,  whence 
it  issues  through  a  long  slit  or  opening,  which  is  regulated  by 
a  screw,  and  foils  on  the  surface  of  the  web  beneath.  At  this 
period  of  the  process,  the  cylinders  are  set  in  motion,  and 
the  web  proceeds  slowly  forward  with  a  tremulous  motion, 
iiriiich  arranges  and  disperses  the  pulp  regularly  over  the 
whole  surfoce  of  the  web.  This  tremulous  motion  is  im* 
parted  to  the  whole  of  the  machinery  by  an  eccentric  move- 
ment. 

As  soon  as  the  paper  arrives  in  this  crude  and  wet  state  at 
the  extremity  of  the  web  of  die  further  cylinder,  it  is  wiped 
and  taken  up  by  a  larger  cylinder,  covered  with  felt  or  flannel, 
and  is  passed  between  a  series  of  similar  cylinders,  and  finally 
delivered  to  a  reel,  and  wound  off  in  a  coil  or  hank  so  long  as 
the  operation  proceeds.  Thus,  paper,  by  the  action  of  this 
ingenious  machine,  may  be  manufactured  to  an  unlimited 
length,  and  of  any  width  that  is  compatible  with  the  manu- 
facture of  wire  web.  The  reel  or  winder  being  now  with- 
drawn^ the  coil  of  paper  is  cut  on  both  sides^  forming  sheets 
of  the  length  and  breadth  of  the  machine  and  reel  on  which  it 
is  wound. 

The  arrangement  of  the  different  speeds  of  the  various 
cylinders  for  moving  the  web,  and  afterwards  pressing  the 
paper,  together  with  the  action  of  the  reel,  and  the  tremulous 
motion  that  is  imparted  to  the  whole  of  the  machinery  by  the 
eccentric  or  wiper,  as  also  the  regular  supply  of  the  pulp  for 
the  various  qusdities  of  the  paper  to  be  manufactured,  form  a 
most  elegant  combination  of  ingenuity  and  mechanical  know- 
ledge ;  and  it  is  only  to  be  lamented  that  the  inventors  and 
first  proprietors,  of  this  great  source  of  national  industiy, 
should  not  have  obtained  a  reward  adequate  to  the  benent 
which  they  have  conferred  on  their  country. 

The  quantity  of  water  which  a  paper-mUl  can  command  to 
turn  its  engines,  generally  limits  the  extent  of  its  trade; 
heuce  the  manufacturers  should  attend  to  evei^  improvement 
of  the  machinery  which  can  increase  their  effect. 
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A  very  large  and  capital  paper-^miU,  at  Matdfltooe,  ia  Kent, 
whidi  is  the  principal  seat  of  the  paper  trade  in  England,  it 
worked  by  steam-engines,  and  is  found  to  answer  very  wdL 
The  machinery  and  building  of  a  pi^r^Biiil  should  be  wdl 
Blade,  and  firmly  put  toge&er,  otb^wise  it«  great  Telocity 
and  power  produces  a  tremor,  which  in  time  shakes  ercry 
thing  to  pieces.  The  noise  and  vibration  of  a  washing- 
engine  is  tremendous ;  for  when  it  revcdres  130  timet  per 
minute,  and  has  forty  teeth,  each  of  which  passes  by  twdre 
or  fourteen  teeth  in  the  block  at  every  revolution,  it  wUl  make 
near  60,000  cuts  per  minute,  and  each  of  them  suffidentlr 
loud  to  produce  the  most  horrible  growling  sotmd  which  caa 
be  oonceivedr 

The  beater  revolving  quicker,  having  sixty  teeth,  and  tweo^ 
or  twenty-four  cutters  in  the  blocks  will  make  180,000  cute 
per  minute,  which  is  so  rapid,  as  to  produce  a  coarsemnsicil 
note  or  humming,  which  may  be  heanl  at  a  great  distance  fen 
the  mill.  Tliis  great  nutiriier  of  cats  wtU  acoouat  for  an 
eng^e  being  able,  in  the  course  of  fomr  or  five  hours'  wofkiof, 
to  reduce  a  quantity  of  rags  to  those  exceedingly  minuu 
filaments,  of  which  paper  is  composed. 

Mr.  John  Dickenson  iock  out  a  patent  in  1800,  for  oertaiD 
Improvements  on  his  former  patent  machinery  for  cuttrngand 
planing  paper,  as  also  for  certain  machinery  for  the  manu' 
ncture  of  paper  by  a  new  meihodr  His  description  of  it  is 
as  follows: 

Hie  first  part  of  die  invenfion^  eotisisttng  in  cert^iti  improtenients  in  the 
^tent  machinery  for  catting  and  platting  paper,  is  described  in  the  uxameA 
drawings;  wherein  fig.  376  represents  a  sectional  elevation,  fg.  377  a 
plan,  and  fig.  378  a  transverse  section.  Every  part  in  the  elevation,  fig.  376, 
is  on  a  line  with  the  same  part  in  the  plan,  fig.  377,  and  the  same  parts  are 
represented  by  the  same  letters  in  all  the  three  figures ;  a  is  a  reel,  covereil 
with  paper;  b  a  swinging  roller,  to  draw  the  end  of  the  paper  a  little  bid 
after  it  nas  been  cut ;  c  a  bar,  having  a  groove  in  its  upper  surfiice,  into 
whidi  the  circular  cutter  d  runs.  The  bar  c  is  movable  up  to  a  certain 
height,  and  connected  with  two  arms,  s  or,  by  means  of  which  it  may  bt 
moved  downwards;  the  springs  ee  will  elevate  it  again  when  the  pressure 
is  removed  from  the  arms  as ;  /is  a  sliding  frame,  having  a  pair  of 
tongs  attached  to  the  front  of  it,  and  marked  g.  The  b^ard  on/frhich  the 
paper  is  laid  is  marked  h ;  and  on  the  side  next  the  tongs  is  furnished 
with  thin  teeth,  it.  The  firame/,  which  carries  the  tongs,  slides  in  groorei 
in  the  frame  of  the  machine,  and  is  moved  backwards  and  forwards  by  tbe 
rod  J,  which  in  drawing  the  tongs  from  the  reel  of  paper  closes  them;  aai 
in  forcing  them  back  again  towards  the  reel  of  naper,  opens  Uitm.  On 
^aoh  side  of  tbe  frame/  is  fixed  a  small  roller,  wbicm  act  upon  the  aoms  ms, 
so  that  the  frame  in  being  forced  towards  the  reel  of  paper  presses  die  anus 
down,  and  consequently  moves  the  bar  c  down  out  of  tne  wav  of  the  to^gs 
which  at  that  pefnod  are  open.  ITie  end  of  the  paper  is  at  that  time  }ywg 
frvfn  with  the  extremity  of  the  teeth  it,  and  the  jaws  of  the  tongs  dosiif 
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kuDtdaldy  that  tb«  rod  j  it  put  m  aiottoi  to  draw  t^  fraint  back,  Miat 
tbe  paper  in  every  intervsd  between  the  teelStx,  and  draw  it  along  with  tbem. 
\Vhen  tb^  have  carried  it  out  the  leng^  that  the  sheet  of  paper  is  wanted, 
the  bar  e  having  been  raised  up  to  its  place  by  the  springs  ee^  the  circular 
cutler  is  thrown  across,  and  as  the  edee  descetids  into  the  ffroott  about  the 
sixteenth  part  of  an  inch^  the  paper  which  is  lying  upon  it  is  cut  through, 
and  the  ends  foil  down  upon  the  heap  below  the  tongs;  being  then  forced 
back,  and  at  the  same  time  opetied  by  the  rod  J,  the  other  end  of  the  sheet 
is  released,  also  the  swinging  roller  b  then  falls  down  upon  the  board  k, 
and  draws  back  the  end  Zs  the  paper  even  with  the  line  formed  by  the  end 
of  the  teeth  t,  ready  for  being  seized  again  \3j  the  tongs.  The  rods  J,  by 
which  the  frame  carrying  the  tongs  is  moved  backwards  and  forwards,  has 
a  hook  ky  whidi  can  be  fixed  at  any  p ait  of  the  rod  by  a  screw ;  and  the 
dinck  being  furnished  with  pins  m  m,  at  two  opposite  points  on  its  sur&ce, 
these  catch  the  hooks,  and  oraw  the  rod,  and  consequently  the  firame,  with 
the  tongs  outwards.  When  the  clinch  has  made  half  a  revolution  the  hook 
is  stopped  by  the  bar  It,  and  the  rod  and  frame  remain  stationary  while 
the  paper  is  cut.  When  the  pin  has  got  clear  of  the  hook,  the  rod  and 
frame  are  immediately  drawn  Dack  by  a  weight  acting  over  a  fniUey,  which 
is  connected  with  the  rod  by  the  cord  o.  The  circular  knife  is  fixed  in  a 
sort  of  waggon,  having  four  rollers  /»/>,  by  means  of  which  it  runs  along  the 
beams  y  g>  The  knife  is  kept  rao?mg  at  the  rate  of  about  five  hundred  turns 
per  minute,  by  means  of  a  oand  passing  round  the  small  rigger  r,  and  the 
poUevs  #  #,  which  is  kept  in  motion  by  any  convenient  power.  The  waggon 
niay  be  thrown  across  at  the  proper  period  by  the  following  method,  or  any 
other  more  convenient.  A  cord  is  attached  to  the  waggon,  acting  over  a 
pulley  with  a  weifffat  at  the  end^  sufficient  to  draw  it  across  one  way  with 
a  quick  motion :  for  drawing  it  across  the  other  way  a  cord  is  attached  to 
the  waggon,  which  is  carried  over  a  pulley,  and  fiistened  to  the  weight  A, 
in  fig.  379,  which  is  much  heavier  than  the  weight  before  mentioned.  The 
endless  band  B  passes  round  the  rigger  D,  which  is  kept  in  constant 
uniform  motion,  according  to  the  rate  at  which  the  puper  is  cut.  The  band 
also  passes  round  the  rigger  C,  which  has  a  click  that  stops  it  going  round ; 
consequently  as  the  rigger  goes  on,  it  keeps  Winding  up  the  weight  A,  and 
the  spare  band  is  engrossed  by  the  smaller  weight  £,  so  that  when  the  click 
that  confines  the  rigger  D  is  removed,  the  weight  A  descends  and  draws  it 
round  a  complete  revolution,  when  it  is  agaili  caught  by  the  click,  at  the 
same  time  the  weight  A  draws  the  waggon  across,  and  it  is  caught  on  that 
side  the  frame  and  confined  by  a  dick ;  when  the  nett  sheet  is  to  be  cut  the 
waggon  b  released,  and  the  weight  attached  to  it  on  the  other  side  draws  it 
across  again,  the  heavier  weight  A  being  by  that  time  drawn  up  high  enough 
to  allow  of  its  going  all  across ;  the  two  clicks  may  be  contrived  according 
to  any  common  well-known  mechanical  method,  and  the  motion  that 
releases  them  can  be  communicated  with  the  most  advantage  from  the 
dick  e  ;  the  pins  m  m  can  be  fixed  in  holes  <  ^,  at  a  greater  or  less  distaase 
from  the  centre,  according  to  the  sixe  the  paper  is  intended  to  be  tut,  aad 
the  hook  on  the  rod  j  must  be  shifted  accordingly.  A  regular  motion  ma^ 
be  giveli  to  the  click  by  any  convenient  power,  atid  at  such  a  rafe  as  it  is 
reottired  to  cut  the  paper. 

The  remainder  of  the  drawings  is  for  the  purpose  of  espUnning  the 
remaining  part  of  the  invention,  consisting  of  certain  machines  or  roacbineiy 
for  the  manufacture  of  paper,  by  a  new  method.  For  this  purpose,  a 
^linder  is  constructed  so  as  to  possess  the  following  requisites :  in  the  first 
pUce  it  must  be  hollow  and  optn  at  the  ends ;  stcofidly,  die  surfoce  of  the 
periphery  must  be  like  ^  sieve,  with  apertilrit  cwnmqmcatiitg  with  tht 
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internal  part  large  enough  to  permit  the  passage  of  water,  but  calculated  to 
intercept  fibres  of  rag ;  thirdl^,  it  most  be  so  contrived  that  &e  surface  will 
not  yield  from  its  perfectly  cylindrical  form,  notwithstanding  a  very  consider- 
able degrtie  of  pressure  upon  it ;  fourthly,  it  must  be  furnished  with  broad 
flat  rings  for  the  purpose  of  covering  part  of  its  surftu^e  ;  at  (he  ends  theri 
may  be  several  pairs  of  these  rings  of  different  widths,  in  order  to  vary  the 
proportion  of  the  surface  which  is  left  uncovered,  provided  the  sane 
cylinder  is  extended  for  making  different  sized  papers ;  fifthly,  it  most  he 
lumg  upon  an  axis  in  a  horizontal  position,  and  firmly  fixed  in  bearings,  so 
that  it  may  be  turned  by  any  convenient  power ;  sixthly,  the  iramcnmi 
small  apertures  on  the  external  surface  must  open  into  a  less  numher  of 
large  ones,  communicating  with  the  internal  sumce,  with  solid  interstices 
between  thenr;  seventhly,  it  ought  not  to  be  made  of  wood  because  it 
would  be  liable  to  warp,  nor  of  iron  because  it  would  rust,  and  injure  the 
naper ;  brass  or  any  other  strong  metal  would  be  found  most  convenient 
To  construct  a  cylinder  possessing  the  requisites  above-mentioned,  of 
which  the  dimensions  must  be  according  to  the  size  and  thickness  of  the 
paper  it  is  intended  for  making,  the  patentee  takes  a  brass  cylinder,  perfectly 
smooth  inside  and  outside,  excepting  a  small  portion  at  each  end  which  is 
left  plain,  and  turns  the  outside  so  as  to  resemble  a  screw,  the  threads  of 
which  are- about  a  quarter  of  an  tncb  apart,  and  the  twenty-fifth  part  ofia 
inch  in  depth,  wHh  a  round  edge.  He  tnen  drills  holes  between  the  threads, 
which  are  cut  in  a  taper  form,  the  diameter  at  top  being  the  width  of  tbi 
interval  between  the  threads,  and  at  the  bottom  reduced  to  one  haffthal 
size ;  the  space  on  the  outer  surfece  of  the  cylinder,  left  between  these 
holes  on  each  side,  is  equal  to  the  breadth  of  the  thrted  ;  notches  are  cot  in 
the  threads  for  the  purpose  of  letting  in  cross  wires,  the  diameter  of  which  is 
•equal  to  that  of  the  threads,  so  that  when  they  are  laid  into  the  notdies  and 
soldered^  or  otherwise  fastened  down,  the  surl^ce  of  the  cylinder  will  resem- 
ble network,  with  openings  of  an  oblong  shape,  and  hating  the^  sur6ices 
of  all  the  interstices  plane- with  each  other,  and  wound  to  an  equaf  carre. 
It  is  then  covered  with  an  endiessr  web  of  woven  wire,  whidi  is  drawn  tight 
over  it.  The  ends  of  the  cylinder  are  cut  down,  or  rabbeted,  so  that  a  rmf 
may  be  made  to  slide  on  each  end ;  and  the  ends  of  the  wire  are  fastened  to 
this  ring  by  means  of  small  plates,  which  are  put  over  the  wire,  and  screwed 
down  upon  the  rings  by  means  of  screws  which  pass  through  the  wire. 
These  rings  arc  also  furnished  with  other  screws  for  the  purpose  of  extend 
mg  them  out  from  the  cylinder,  and  the  wire  being  fastened  to  them  it  is 
by  that  means  stretched  and  drawn  tight  down  upon  the  sfofetce  of  die 
cylinder. 

In«  the  annexed  drawing,  fig.  380,  aioB  represents  a  transverse  sectjos 
of  a  segment  of  the  cylinder  C  C  C  being  the  holes ;  if iTd^  the  cross  wire; 
eeeci  the- thread  of  the  screw,  which  is  shaded. 

Fig.  381'  is  a  plan  of  a  portion  of  the  external  surfiuie  of  the  cylinder, 
wherein  A  to  &  shows  it  without  the  cross  wires,  or  the  external  wove 
wire;  C  C  G  are  the  holes,  eee  the  thr^  of  the  screw  with  ^  notdies 
out,  aaa^  for  the  reception  of  the  cross  wires ;  B  to  C  shows  H  with  the 
oross. wires  let  in,  ddd,  which  are  soldered' or  otherwise  fastened  at  their 
ends  into  the  ends  of  the  cylinder.  C  to  D  shows  it  with  the  woven  wire 
hud  over  it,  through  which  the  surfiu^e  of  the  cylinder  is  seen  underneath. 

Fig.  382  is  a  section  of  a  part  of  the  cylinder  at  one  end.  where  the  boles 
are  marked  cce,  the  cross  wires  dddy  the  threads' r^o  the  external  wovf 
wire/  is  represented  b]^  a  red  line,  it  is  carried  under  the  plates  ^,  and 
fcstened,  by  means  of  a  number  of  screws.  A,  down  upon  the  ring  i,  which 
ii  shaded^  and  after  it  is.  fixed  in  that;  manner  at  each  end  of  the  cylind^t 
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ht  ring  t  may  be  extended  ftom  the  cyiinder  by  means  oi'  the  larger  screvrt 
R,  and  Ihe  wire  thereby  strained  down  tight  upon  the  surfiu^e  of  the  cylinder; 
this  part  of  the  mechanism  is  also  represented  in  the  plan,  fig.-381 ,  ^hcre  the. 
difierent  parts  are  marked  in  the  same  manner^  except  that  the  4vovea  wire 
is  drawn  in  black. 

Fig.  383  b  a  representation  of  a  connected  web  of  laid  wire,  which  may' 
he  Uud  over  the  cylinder  exactly  in  the -same  manner  as  the  wove  wire, 
obsenrkg  that  the  laid  wires  should  be  parallel  with  the  axis,  and  the 
tfing  wires  «««.  at  right  aagles  with  it,  observing  that  the  kiid  wires  must' 
he  very  finc^placed  very  near  together,  and  drawn  as  tight  as  pottible  at 
the  ends.  The  reason  of  laying  the  x^ross  wires  dd4  diagonally,  is  prin- 
cipallv  in  order  that  they  may  not  be  parallel  with  the  laid  wires,  in  which 
case  they  would  impede  the  passage  of  the  water ;  for  this  reason  they  ought 
to  ley  at  an  angle  as  near  45  degrees  as  may  be  convenient ;  bm  if  tlie 
cylinder  is  intended  only  for  the  manu&cture  of  wove  papers,  the  cross 
wires  may  be  parallel  with  the  axis,  the  holes  ranged  in  rows  also  parallel 
with  the  axis,  and  the  threads  of  the  screw  converted  into  vraall  beads. 
There  are  other  modes  of  constructing  a  cylinder  possessing  the  necessary 
requisites,  but  the  patentee  thought  it  expedient  only  to  describe  tliat 
which  he  considers  easiest  of  construction,  most  durable,  and  rnetit  effica- 
eioQs  in  use.  He  also  proposes  connecting  the  rings  mentioned  as  the 
fourth  requisite,  as  being  necessary  for  covering  part  of  the  surface  of  tlie 
cylinder,  oomfAeted  as  a^ve  at  the  ends  with  arms,  so  as  to  form  caps  that 
xiay  he  fixed  on  to  the  end  of  the  cylinder,  and  each  being  furnished  with 
an  axis,  it  can  then  be  fixed  in  bearings  for  the  purpose  of  being  turned  by 
any  convenient  power. 

Fig.  384  b  an  outline  section,  representing  it  in  that  situation,  -with  a  vessel 
fixed  against  it,  which  b  called  aback ;  the  sides  or  cheeks  of  which  are  curved, 
fo  as  to  correspond  with  the  rings  or  surface  of  the  caps ;  and  the  bottom, 
at  the  point  #,  b  made  to  close  in  upon  the  surface  of  the  cylinder,  so  that 
the  vessel  on  all  sides  fits  the  cylinder  in  such  manner,  that,  if  fixed  against 
it,  and  filled  with  any  fluid,  the  fluid  would  have  no  means  whatever  of 
f scaping,  eacept  by  running  through  the  surface  of  the  cylinder,  and  out  at 
^e  ends :  the  exact  shape  of  this  vessel  b  not  material.  He  next  takes  a 
Iriangular  trough,  or  receiver,  closed  up  at  the  ends,  and  made  so  that  the 
tapper  edges  fit  the  inside  of  the  cylinder,  and  of  such  a  depth  that  the 
bottom  may  be  about  level  with  the  centre  of  the  cylinder,  so  that  this 
leing  fixed,  and  Ihe  cylinder  turned  round,  eveiy  part  of  the  upper  edge 
nay  lub  against  the  inside  of  the  cylinder,  which  we  have  before  said  must 
be  perfectly  smooth.  In  fig.  380  a  section  is  shown  of  this  trough,  which  has 
ao  orifice  at  one  end,  at  the  bottom,  marked  m.  It  may  be  observed,  that 
at  the  points  iin  it  comes  in  contact  vritfa  the  internal  surfiice  of  the 
cyliader. 

Fig.  335  b  an  ouHine  vertical  section,  wherein  the  trough  b  represented 
facd  in  the  inside  of  the  cylinder,  and  coloured  blue,  with  the  orifice  m  and 
pipe  communicating  with  it  n.  It  b  to  be  observed,  that  thb  trough  is 
iiiity  fixed  by  means  of  a  phimmer  block  o  o,  which  has  the  top  coupling 
serawed  <down  fast,  and  the  trough  b  supported  at  the  other  end  hy  means 
of  a  eyttnddcal  pin,  which  works  in  a  hole  in  the  cap  a.  The  other  cap  b, 
instead  of  an  aocis,  has  a  hole  in  the  middle,  fitted  to  the  outside  of  the 
pipe  a,  so  that  it  forms  a  bearing  for  that  side  of  the  cylinder.  The  axis 
of  Ihe  cap  a,  -at  the  other  end  of  the  cylinder,  b  supported  in  a  bearing/ 
and  has  upon  it  a  eog-wheel )» ;  by  means  of  which  motion  may  be  com- 
municated to  the  cylinder,  and  as  it  turns  round  it  rubs  against  the  upper- 
edge  of  the  trough,  which  will  remain  fixed,  and  receive  any  fluid  trial 
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pisses  thiough  th«  upper  ptrt  of  the  smrfectitftiie  vjftaMti  Mi  emj  ^ 
off  through  the  orifice  m  in  the  stme  section.  The  cylinder  is  oolouei 
ytA\oWf  the  caps  red,  aad  the  parts  vhidi  iMwers  to  the  tings  are  AaM. 

Fig.  386  b  a  fiont  view  of  one  of  the  caps. 

Fig.  387  is  a  sectional  elevation  of  the  machinery,  in  a.  state  of  prepait* 
^ioB  for  the  manufiicture  of  paper. 

Fig.  368  is  a  plian  of  the  same,  Eadi  pail  in  the  ekFation,  fig.  S8T,  fe 
jon  a  une  with  Uie  same  part  in  the  plan,  fig.  388 ;  and  every  part  is  mnM 
vrith  the  same  letter  m  both.  A  is  a  ciroular  stuffiest;  into  which &e 
stuff  is  admitted  firom  the  engine.  B  is  an  agitator,  consisting  of  a  wmha 
of  arms,  connected  with  the  soindle  G,  which  passes  up  through  a  toAtt  D, 
in  the  centre  of  thediest,  and  this  being  turned  by  the  bevelled  cog-wfaedE, 
keeps  the  stuff  in  motion  in  the  chesty  and  also,  by  means  dP  the  two 
riners  F  F,  gives  motion  to  another  small  agitator,  in  the  smaller  ressd  G, 
mmt^  ^  for  the  purpose  of  receiving  the  stuff  from  the  first  chest,  and  it  is 
/conveyed  through  tM  pipe  H,  the  aperture  of  which  is  enlarged  orooatneted 
by  means  of  a  conical  vtdve,  which  is  acted  upon  by  some  apparatus  I,  m 
the  principle  of  a  ball-cock,  so  that  as  the  vessel  fills  with  stuff  it  giadBsBy 
leloses  the  orifice ;  hy  this  mepuis  the  stuff  in  the  smaEer  vessel  G  may  te 
lupi  at  a  uniform  height,  and  the  head  being  uniformly  the  same,  th 
discharge  through  the  pipe  J  at  the  bottom  will  be  always  equal.  Hi 
^arge  chest  A  may  be  of  any  shape  or  dimensions,  smd  agitated  in  v^ 
^nvenient  manner;  the  smaller  chest  G  ought  to  be  drcidar,  and  aboot 
18  inches  diameter,  and  the  s^me  depth.  'Die  use  of  it  is  to  cause  u 
uniform  discharge,  which  would  not  take  place  if  the  stuff  were  to  pass  ftcn 
the  large  chest  without  any  intermediate  vessel,  because  its  passage  throofik 
^e  pipe  would  be  more  or  less  rapid,  according  to  ^e  height  of  the  he^ 
which  would  be  continually  varying  in  proportion  to  the  consumption  cr 
fU)cumulation  of  stuff.  In  the  pipe  J  there  is  a  cock  K,  by  means  of  wfaicb 
Ihe  quantity  of  stuff  that  is  permitted  to  pass  may  be  related  with  tbe 
greatest  degree  of  nicety;  and  when  it  is  once  ascertained  what  propoitifls 
of  stuff  is  required,  no  variation  in  tho  supply  can  take  place.  Toe  ksk 
•ort  of  cock  or  valve  for  the  purpose  will  be  such  a  one  as  leaves  an  opes- 
ing  for  the  stuff,  which  is  nearly  round  or  square,  because  if  it  were  naaov 
the  stuff  might  lodge.  The  nipe  J  descends  into  the  pipe  R,  through  whidi 
there  is  a  constant  and  rapid  now  of  v^ater,  and  it  carries  away  the  sindij 
of  pulp  from  the  pipe  J,  and  they  pass  together  into  the  vessel  I^  in  whica 
there  are  two  agitators  M  M,  kef^  m  pr^ty  quick  motion  by  means  of  the 
ngppers  N  N.  In  this  vessel  and  in  the  pipe  K  the  vrater  and  stuff  becoM 
intimately  mixed,  and  formed  into  pulp,  of  a  proper  consistency  for  working; 
but  it  is  to  be  observed,  that  in  making  paper  by  this  method  about  foot 
times  as  much  water  should  be  introduced  into  thie  pulp  as  is  made  use  of 
in  the  ordinary  modes  of  paper-making.  From  the  vessel  L  the  pulpflons 
Ihrous^  ^  pipe&  0  O  into  the  vessel  P,  which  has  been  before  described 
in  fig.  384)  And  called  a  back.  Q  Q  are  waste  {Hpes,  for  adjusting  ib»  heifiil 
of  the  head,  or,  in  other  words,  the  level  of  the  pulp.  In  the  baok  B  is  the 
nollpw  pylinder,  described  in  (igs.  380,  3aiy  38!),  383,  384,  and  385,  aii 
|he  cylinder  being  in  motion  in  the  direction  described  in  the  drawiifb 
^he  jvater  is  constantly  fio\ving  tbroi^gh  the  sur&ce  of  it  from  tbe  poini  ft 
to  the  point  T,  tha|  is  to  say,  through  eveiy  part  which  is  covered  by  ^ 
pu)p,  and,  as  the  water  passes  ihrough,  the  fibres  of  rag  are  \ek  on  ^ 
surtace,  so  that  they  ^re  penerally  accumulating  on  any  given  part  of  abt 
lIMr^e  of  the  cylinder  duung  the  whple  'of  its  passage  from  the  point  S  to 
piB  point  T :  and  when  it  emerges  from  the  pulp  at  the  pkoint  T,  tht 
f^UBttty  requisite  for  t^e  cpmposition  of  ^  shejst  of  paper  is  eoUedsd, 
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arii  lUl  lak^  plut  m  tddleti  wiccetikm  u  loag  m  tht  motion  is 

«bnti«iad»  and  an  imifofm  supply  of  pulp  is  kept  up.    It  has  been  before 

stated,  that  wktn  the  sdrfiice  of  the  qrlinder  emerges  from  the  pulp 

al  the  'P^  T,  (he  quantity  of  fibre  requisite  for  the  composition  of  a 

sheet  oi  paper  is  eoUected;  but  at  that  period  so  much  water  is  cou« 

tained  among  them,  that  it  is  necessary  to  drain  off  the  greater  part  of  it 

before  it  win  admit  o#  any  sort  of  pressnre  usually  made  use  of  for  squeedng 

ottt  the  water,  and  for  compressing  the  fibres  of  ra^  together,  for  the  purpose 

of  makiBg  them  eohere,  and  thereby  giving  tenacity  to  the  paper.    For  Ihia 

wirpose  the  trough  V,  the  construction  of  which  is  more  fiilly  explained  im 

Igs.  380  and  386,  is  fixed  in  the  inside  of  the  cylinder,  and  made  to  fit  tighi 

all  round  its  upper  edge.    It  has  a  communication  with  the  pipe  W,  as  ia 

represented  fai  ng.  385,  where  the  pipe  is  pointed  out  by  the  letter  n ;  and 

this  pipe  is  connected  with  a  pair  of  double-acting  pumps  X  X,  placed  in  a 

^tetem  of  water,  so  that  when  those  pumps  are  put  in  motion,  the  air  coi^ 

iifined  in  the  triangalar  space,  enclosed  between  uie  trough  and  the  cylinder, 

it  in^Bcdiately  drawn  out,  and  consequently  the  pressure  of  the  atmosphera 

takes  phce  upon  the  surface  of  the  cylinder,  whicn  is  covered  with  pulp,  in 

the  slate  before  described,  and  thereby  rendered  nearly  impervious  to  the 

ait.    Ihe  immediate  eficct  produced  is  the  squeezing  out  tbe  water,  and 

laying  the  pulp  down  in  a  compact  state  on  the  surface  of  the  cylinder,  so 

IMC  the  paper  cannot  be  disturbed  at  the  point  Z,  by  the  pressure  of  thei 

acAid  roUer  a.    This  part  of  the  process  I  call  the  pn^timo^ic  pressure.    Tbet 

perlpheiy  of  the  rolkt  <t  moves  it  exactly  the  same  rate  as  the  periphery  of 

the  cylinder  R,  and  in  the  direction  described  in  the  drawing.    The  roller 

«  B  made  to  fit  in  exactly  betwen  the  inside  of  the  caps,  descri^  in  fig.  385; 

at  that  it  shaH  only  press  upon  the  paper  covering  the  surfiice  of  the  pervious 

eyHnder.    The  somce  of  ue  roller  A  should  be  smooth,  and  the  pa|>^r  will 

edheVe  to  if  instead  of  the  pervious  cvlinder  R,  and  be  led  round  by  it  to 

mdtoo  a  second  pfFflfsure  between  the  roller  a  and  the  roller  6,  which 

latttt  nila  a  pervious  surfiice,  consequenUy  the  paper  will  be  produced 

nftcientte  diy  for  leading  off  to  the  cutting.    It  is  well  known  by  papers 

faksrs,  ttwt^  independent  of  the  Quality  of  die  materials,  the  strength, 

•anelkiniuu,  and  beauty  of  papers  oepend  upon  the  arrangement  ot  the 

fibrts  of  rag  of  wbich  it  is  composed ;  that  in  a  well-made  sheet  of  paper 

^  fihtes  ave  hu%ed  in  a  boriaootal  and  parallel  direction,  and  a  manu- 

fiifctnrar  deso^in^  sudi  a  sheet  of  paper,  would  say  that  the  stuff  was  well 

<hat,  which  qnalitr  aU  paper  must  possess  in  a  sreater  or  less  degree,; 

bteadst  otherwiile  the  pails  of  the  sheet  will  scaroiSjr  cohere  together,  the 

Mr^ce  will  be  rough,  the  thickness  uneven,  and  the  paper  devoid  of 

^fanty,  and  not  adapted  for  use.    In  the  modes  of  paper-nuucing  exercised 

kiftarfo,  this  indispensable  object  has  been  accomplished,  by  snaking  the 

*ettld  or  wire  on  whidi  the  pidp  is  settling,  so  that,  as  the  water  runs  o^ 

^  fibres  are  laid  flat  upon  the  surfooe  of  the  mould,  and  arranged  in  a 

ftnM  direction ;  but  in  making  paper  by  the  machinery  above  described, 

^  sloff  is  perfectly  weU  shut,  without  any  shaking,  the  fibres  of  rag  being 

^^posiied  gradually,  in  a  longitudinal  direction,  by  means  of  the  friction 

**&h  takes  place  upon  the  cylinder,  in  consequence  of  its  motion  bein^^  in 

A  apaoattc  directaoa  to  that  of  the  stream  of  pulp,  the  effect  of  which  is  to 

^^ilh  down  the  fibres  of  rag  as  they  are  lain  upon  the  cylinder,  and  it  is 

■^o^mrily  continued  during  the  whole  time  of  the  formation  of  the  paper^ 

M  aoat  be  umfotm  tfarougnont  every  part  of  it.    The  reason  of  introaucing 

^  bigea  qnantky  of  water  into  the  pulp,  is  in  order  that  every  fibre  may 

^ttfeat  sepltfately,  and  at  liberty  to  take  a  direction  according  to  thii 

niucAae' of  these  ooui^es. 
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It  ig  to  b»  olncrftd,  that  the  prindpie  here  developed  w^uld  admit  of  otter 
hn  digible  modifieations,  sucd  as  confining  a  bodj  of  the  pidp  eo  lb 
surface  of  an  endless  well  of  woren  wire,  carried  round  cvUndeiSy  as  in  the 
outline  section,  fig.  389,  or  supporting  it  on  a  cylinder  of  a  large  size,  as  in 
the  outline  section,  fig.  390,  without  applying  the  pneumatic  pressnie  ia 
either  case. 

In  ftg.  389  the  cylinder  abe  should  be  hollow,  and  have  pervious  sorfrcei. 

In  fig.  390  the  cylinder  might  be  of  a  more  simple  construction  thaa  te 
described  in  figs.  380, 381,  382,  384,  and  385,  but  unless  of  a  veiy  latfe 
aize  indeed,  it  could  only  be  made  use  of  fi)r  making  veiy  thin  pa^r^  Iw- 
cause  the  water  requires  so  long  time  to  run  oflf  before  the  paper  will  admit 
of  any  mechanical  pressure. 

It  is  to  be  observed,  that  in  making  paper  by  this  method,  after  a  eottiia 
quantity  of  fibres  of  rag  are  deposited  on  the  sur&ce  of  the  cyHoder,  it  rea- 
iers  the  passage  of  the  water  and  the  accumulation  of  more  fibres  so  dhfi- 
cult,  that  without  a  considerable  height  of  pulp  the  pressure  will  not  be 
sufficient  to  force  the  water  thioogh  the  cylinder,  and  the  fibres  of  rag  byinf 
upon  it,  the  consequence  of  which  would  be,  that  the  fibres  of  rag  accnmi- 
lated  on  the  surface  of  the  cylinder  would  be  washed  ofi"  by  the  pulp,  or  nsj 
much  disturbed  before  they  arrived  at  the  point  T,  which  is  the  lev^  of  the 
pulp  in  the  back ;  to  obviate  this,  it  will  be  necessary  to  add  the  pressure  of 
the  atmosphere  to  the  weight  of  the  water  in  making  thick  papers,  wlM 
may  be  done  by  extending  one  side  of  the  trough  V  below  the  level  of  the 
pulp,  so  as  to  cause  a  suction  under  that  part  of  the  cylinder  which  ii 
covered  by  the  pulp,  as  well  as  under  that  part  which  has  emerged  from  it 
For  this  purpose  a  wider  trough  would  be  necessary ;  but  at  all  events  the 
exact  proportion  of  the  cylinder,  covered  by  the  trough,  is  not  material, be- 
cause It  virill  be  found  by  ^perieuce  what  width  is  siufficient  for  drying  tl« 
paper,  so  as  to  enable  it  to  have  the  pressure  of  the  roUer  a.    The  roSer  § 
ought  to  press  on  the  cylinder  R  about  the  point  which  is  ovei  one  side  of 
the  trough  V,  and,  according  as  the  trough  is  shifted,  the  roller  riiould  be 
shifted  also ;  but  this  pressure  ought  to  be  not  less  than  forty-five  degres 
aboye  the  level  of  the  axis,  because,  otherwise,  part  of  the  water  prMssd 
out  of  the  paper  will  be  absorbed  by  it  again,  whereas,  firom  the  posiUoo  it 
acts  in,  in  the  drawing,  fig.  387,  the  water  will  be  sudced  into  tne  tiowh. 
The  roller  a  should  not  be  fixed  in  bearings,  but  confined  down  upon  ae 
cylinder  by  weights,  suspended  upon  each  end  of  the  axis,  whkh  may  bs 
adjusted  according  to  circumstances,  and  in  all  cases  the  principal  pressoie 
should  be  upon  the  roller  b.    The  water  which  runs  through  the  cylinder  in 
figs.  387  and  388,  and  out  at  the  end,  foils  in  the  first  instance  into  the  ca- 
temC,  from  whence  it  passes  through  the.  pipe  d  into  the  cistern  §,  and 
from  thence  is,  by  means  of  a  pair  of  double-acting  pumps,//,  forced  through 
the  pipe  K  into  the  vessel  L,  so  that  it  continually  returns  for  Uie  same  porpoee 
of  conducting  the  pulp  to  the  cylinder  from  the  pipe  J.    The  pipe  G  is  a  sort 
of  gauee,  by  means  of  whidi,  after  the  pulp  rises  to  a  proper  height  in  die 
vessel  Xf  the  remainder  of  the  water  is  carried  off  into  Uie  dstem  C,  wheie 
there  may  be  a  waste  pipe  for  conveying  off  the  superfluous  quantity.    The 
water  drawn  from  the  cylinder  R,  through  the  trough  V,  by  means  of  the 
air  ai^d  v^ter  pumps  X  X,  may  run  to  viraste.    The  size  of  the  cylinder  Ry 
and  of  the  trough  V,  must  be  regulated  according  to  the  substimoe  and  di- 
mensions of  the  paper  it  is  intended  for  making.    Fifteen  inches  will  be 
sufficient  for  the  diameter  of  a  cylinder  intended  for  making  paper  equal  hi 
substance  to  a  paper  twenty-two  inches  by  seventeen  iiK^hes  and  a  htM, 
weighing  twenty  pounds  per  ream :  the  length  of  the  cylmder  is  entirely 
^bitraiy.    The  tluckness  of  the  paper  made  by  a  cylinder  may  bt  adjostt) 
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IB  Tirioiis  ways  :  first,  by  usiog  cylindeis  of  twious  diameters ;  secondly^  by 
accelerating  or  retarding  the  motion  of  the  cyknder ;  thifdly,  by  Tafying  the 
proportion  of  the  snr^ice  of  the  cylinder,  which  is  covered  with  pulp; 
tooTthlyyby  varying  the  consistency  of  the  pulp.  The  periphery  of  the  cylin- 
der ought  to  move  at  the  rate  of  about  thirty-six  feet  per  minute  ;  the  pulp 
o«ght  at  all  events  to  be  very  thin,  and  therefore  the  most  eligible  mode 
of  adjusting  the  thickness  of  the  p^per  would  be  by  varying  ihe  pro* 
portion  of  me  surfiice  of  the  cylinder,  which  is  covered  with  pulp ;  conse- 
quently for  thicker  papers  a  larger  cylinder  would  be  necessary,  or  a  Lack 
may  be  made  use  of,  extending  higher  up  towards  the  point  Z,  so  as  to  covet 
a  larger  proportion  of  the  surface  of  the  same  cylinder :  and  for  thinner  pa* 
per  a  bade  might  be  made  use  of  covering  less  of  the  cylinder,  as  in  fig.  890, 
vf  means  of  the  cock  in  pipe  J.  The  quantity  of  pulp  suppli^  to  the  cylin* 
der  can  be  adjusted  with  the  greatest  accuracy,  consequently  the  thiduiess 
of  the  paper  may  be  preserved  uniform,  or  vaned  at  discretion,  provided  the 
thickness  of  the  pulp  in  the  chest  A,  and  the  motion  of  the  cylinder  R  be 
coDtinoed  uniform.  By  means  of  the  ^uge  pipes  Q  the  level  of  the  pulp  in 
the  back  P  can  be  varied  till  the  most  ebgible  point  for  the  cylinder  to  emerge 
fioffl  the  pulp  is  ascertained,  and  the  supply  of  water  through  the  pipe  r 
must  be  adjusted  accordingly.  It  may  be  laid  down  as  a  general  rule,  that 
the  thicker  the  paper  the  higher  should  be  the  level  of  the  pulp  in  the  back. 
In  order  to  dose  tne  trough  V  tight  upon  the  cylinder  R,  the  patentee  pro- 
poses packing  it  all  round  the  top,  where  it  comes  in  contact  withinside  oC 
the  cylinder,  as  at  the  points  nn,  in  the  section  fig.  380. 

The  mode  of  packing  is  so  well  known,  that  it  is  unnecessary  to  give  any 
description,  except  the  representation  in  the  drawing.  The  friction  of  the 
oa^  P  upon  the  cylinder  may  be  taken  ofi"  by  strips  of  woollen  doth  or 
leather,  particularly  at  the  line  across  from  the  point  S. 

Figs.  391  and  392  are  for  the  purpose  of  explaining  a  more  simple  mode 
of  construction.  A  is  a  hollow  cylinder,  with  a  pervious  surface,  which  may 
he  uied  in  cases  when  the  pneumatic  pressure  is  not  applied ;  aa  a  is  the 
thread  of  a  screw ;  b bb  represent  cross-bars,  carried  across  the  internal 
•orfiu^e,  parallel  with  the  axis.  The  best  mode  of  constructing  it  will  be  to 
cast  a  cylinder  with  the  bars  in  the  inside,  and  to  cut  the  screw  deep  enough 
to  form  an  opening  between  every  bar.  It  should  be  furnished  with  cross 
^ires,  f  c  c,  and  covered  with  wove  wire,  in  the  same  way  as  the  cylinder 
R.  It  mig^t  be  made  on  a  larger  or  smaller  scale,  according  to  the  purpose 
fcr  which  it  is  required.  The  roller  b,  in  figs.  387  and  388,  may  be  made 
iathis  manner,  but  stronger,  as  a  great  degree  of  pressure  is  intent^ed  to 
take  place  upon  it. 

When  the  machinery  is  to  work,  the  antator  and  pumps  should  be  set  in 
iBotion ,  first  by  turning  the  shaft  R,  and  then  the  cylinder  R,'  by  means  of 
the  cog-wheel  P,  which  gives  motion  to  the  rollers  a  and  6,  by  cog-wheels  c 
sad  r.  The  mode  of  giving  motion,  and  the  situation  of  the  pumps  ana 
vhdtdiest,  may  be  arranged  according  to  cpnvenience^  but  the  votkm 
*igkt  to  be  pmecUy  reguUii. 
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COTTON  MANUFACTURE, 

Cotton  is  a  fibrous  vegetable  substance,  the  produce  of  a 
imall  tree  called  the  goasvpiuiny  or  cotton  plant,  which  growi 
aafturally,  and  is  ma(£  cmtiratcd,  in  the  tn^icai  nfpmm  of 
Asia,  Africa,  and  America. 

The  cotton,  when  collected  firom  the  pod,  contidns  the  seed, 
and  pieces  of  the  husk  by  which  it  was  enveloped  is  attached 
lo  it ;  it  has  therefidre,  preparatorj  to  being  subjected  to  the 
operadon  of  spinning,  to  undergo  a  process  that  will  divest  it 
of  these  superfluous  parts.  The  ancient  mode  of  efiPectiog 
this  was  by  what  is  termed  bowing  it ;  that  is,  ex|>08ing  it  to 
the  action  of  a  bow,  about  four  feet  loogy  micb  as  ta  used  at 
the  present  day  by  hatters.  The  process  consisted  merely  in 
placmg  the  cotton  upon  a  square  table  with  horizontal  chinks 
cut  thiough  it,  and  submitting  it  to  the  repeated  action  of  tk 
bow  until  the  dust,  seeds,  and  superfluous  parts  luid  sepantd 
and  Mien  through  the  chinks.  This  inconvenient  ana  AtstA- 
lory  mode  has  in  modem  times  been  superseded  by  a  far  more 
effectual  and  exjpeditious  one,  by  the  application  of  a  machine 
called  a  gin.  Gms  are  of  two  lands,  tfa«  one  called  the  roUo^ 
gin ;  the  other  the  saw^g^n. 

Idle  r oner-gin  Is  represented  in  fig.  399.  It  oonsists  of  two  shallow  fluted 
M\6T$  a  and  6,  placed  so  near  to  each  other,  that  when  the  cottoQ  is  thraH 
against  the  line  where  they  enter  into  contact,  they  immediately  seite  hold  of 
It  and  draw  it  in  between  them,  while  the  seeds  and  other  partides,  not 
being  able  to  pass  through,  fall  into  the  box  K,  and  are,  by  the  slanting  di- 
rection of  its  bottom,  delivered  on  one  side.  The  motion  is  communioted 
^  means  of  the  treadle  and  crank  C  D,  and  is  equalized  by  the  fly-wiieei 
£.  the  cotton  is  presented  to  the  rollers  over  the  board  /  ^,  and  isditvn 
t)etween  them,  and  delivered  at  I  H.  In  South  America  this  kind  oC  pn 
IS  muoli  used»  dnd  a  negro  working  with  one  of  them  can  dean  from  30  Ibi. 
io  40  Ibt,  weight  of  cotton  per  day,  which,  however,  is  considered  bcfwjr 
work. 

the  iaw-gin  is  given  in  section  in  fig.  400.  The  cotton  is  thrown  into  the 
receptacle  A  B,  on  that  side  marked  C  D,  which  is  formed  of  strong  wim 

f  laced  parallel  to  each  other,  to  admit  the  circular  saws  £,  fixed  on  &  sw 
',  behind  die  grating,  about  an  eighth  of  an  inch  apart,  to  pass  betwcet 
^em.  By  this  means,  the  teeth  of  the  saws  seize  hold  of  the  cotton  and  diav 
it  through  the  bars ;  and  the  seeds  and  other  superfluous  parts,  being  too 
bulky  to  pass  through,  remain  behind,  and  eventually  fall  through  the  ape^ 
ture  G.  The  cotton  is  brushed  from  the  saws  by  a  drcular  brush  H,  made 
to  revolve  rapidly  on  its  axis.  The  motion  is  communicated  by  manual  or 
any  other  power  applied  to  the  axis  F,  upon  one  end  of  which  is  the  wheel 
Ky  acting  m  the  pimon  M,  fixed  to  one  end  of  the  axis  of  the  brush. 

The  application  of  the  power  of  horses  to  either  the  rolhr, 
or  saw-gin^  would  greatljr  aid  the  process^  which^  as  we  be- 
^re  have  stated^  is  considered  heavy  work  for  the  negroiii 
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and  on  lliat  acGouiit  is  much  avoided.  An  objection  b&s  been 
itMted  to  the  applying  of  this  power^  under  a  Bupposition^ 
that  the  animal  by  changing  his  speed  would  injure  the  cotton ; 
it  is  almost  superfluous  to  add  that  many  simple  contrivances 
may  be  adapted  to  equalize  the  motion^  and  prevent  these 
dreaded  effects. 

When  the  cotton  has  undergone  either  of  these  processetr^ 
H  is  packed^  and  exported  to  tfie  European  markets. 

When  it  arrives  in  this  country,  it  is  again  submitted  to  the 
action  of  machinery  for  the  further  separation  of  the  extra- 
neous matter,  unless  it  is  to  be  spun  into  coarse  yam^  when 
the  preceding  process  is  considered  sufficient. 

The  first  machine  that  vie  shall  describe  as  used  in  this  countir  ibr  the  fur- 
rier clearing  of  the  particles  is  called  z  picker,  and  is  represented  in  fig.  399w 
A  and  B  arc  two  rollers,  having  an  endless-cloth,  C  D,  stretched  over  them. 
This  cloth  is  called  the  feeding-cloth,  and  its  upper  surfece  is,  by  the  revolu- 
tion of  the  rollers,  always  carried  towards  D.  £  and  F  are  two  §uted  rollers, 
which  nearly  touch  each  other,  and  revolve,  so  that  their  touching  surges 
pass  towards  G  H.  G  H  I  K  are  cylinders,  covered  on  their  outer  surfaces 
with  long  blunt  pins,  making  about  250  revolutions,  in  the  direction  of  the 
tetters,  per  minute.  L  L  is  a  grating  of  wires  for  the  seeds  to  ^1  through^ 
when  the  cotton  carried  by  the  feeding-cloth  is  delivered  by  the  small  rolleri 
upon  the  face  of  G  H.  By  the  rapid  revolution  of  G  H,  the  cotton  is  thrown 
against  the  top  O  P,  and  is  carried  foiward  and  delivered  upon  the  cylmdec 
I  K,  which  in  tike  manner  carries  it  rapidly  round,  draws  it  over  the  grating, 
<iid  delivers  it  back  upon  the  lower  fkce  of  G  H,  which  after  having  drawn 
it  over  the  remainder  of  the  grating,  and  divested  it  of  the  remainder  of  tb« 
seeds  and  particles  of  dust,  deposits  it  in  the  box  R  R. 

This  machine  is  liable  to  injure  the  staple  of  the  cotton,  and  is  therefore 
superseded  by  another  called  a  batter,  represented  in  fit^.  401.  In  this  ma^ 
chine,  the  ieeding-clbth  upon  the  rollers  A  and  B  carries  forward  the  cotton 
to  the  rollers  e  and  d^  which  deliver  it  upon  the  curved  rack  or  grating  d  €j 
while  a  scotcher,  g  A,  revolving  rapidly  upon  its  axis,  strikes  the  cotton  wit£ 
its  two  edges  g  and  h,  and  divides  it ;  at  the  same  time  a  draught  of  air« 
created  by  the  revolution  of  the  fan  I,  blows  the  cotton  forward  over  the 
grating  H  K,  divests  it  of  the  superfluous  parts,  and  ultimately  deposits 
it  in  a  box  at  the  end. 

The  cotton  is  now  considered  in  a  state  fit  for  die  operados 
of  spinning;  which  is  differently  performed  according  to  the 
purposes  to  which  the  yam  is  to  be  applied.  The  different 
sorts  of  spinning  may  be  classed  under  the  respective  beads  o| 
Jenny,  mule,  and  water  spinning. 

Muk-^npinningf  which  is  by  for  the  most  perfoct  process^ 
and  by  which  the  finest  yam  is  produced,  shall  first  have  ouf 
lilSBllon. 

In  this  process^  when  the  finest  yam  is  to  be  produced,  thtf 
QOttM,  instood  of  being  submitted  to  tlit  operation  of  either 
of  the  maohmes  before  desoribe^,  is  eleansed  entirefy  hftbe 
> — ^     Tbemodeof eflbeling tUs is,  hy  i^t^adnig  tbecdCtonr 
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upon  a  fetrdng  netting  of  cords  stretched  on  a  frame,  and  beat* 
ing  it  with  osier  wands  till  divested  of  its  impurities.  It  thea 
undergoes  the  elementary  operations  of  carding,  drawing, 
titretching  and  plying,  and  twisting ;  the  whole  of  which  are 
essential  in  tlie  manufacture  of  mule  yam. 

Carding  is  performed  by  two  kinds  of  engines,  one  of  which, 
called  the  breaker,  operates  upon  the  cotton  preparatory  to  iU 
being  submitted  to  tlie  operation  of  the  other,  called  the 
finisher. 

A  card  is  a  kind  of  brush,  formed  by  making  wires  into  the  form  of 
staples,  as  represented  in  fig.  394.  The  two  legs  of  the  staples  arc  placed 
through  holes  in  a  flexible  piece  of  leather,  and  present  to  tne  side  view  a 
form  similar  to  that  shown  in  the  figure,  where  A  B  is  the  leather,  and  C  D 
the  wires  forced  through  it.  Cards  are  formed  in  two  ways ;  the  one  called 
sheet-card,  is  made  about  four  inches  wide,  and  18  inches  long,  or  cf  a 
length  corresponding  with  the  width  of  the  main  cylinder,  which  they  bate 
to  cover ;  the  other,  called  fiUet-card,  is  made  in  one  continuous  band  or 
fillet,  and  is  used  for  covering  the  dofier  cylinder.  The  teeth  of  the  fiUet-canl 
are  placed  pointing  in  the  direction  of  the  length  of  the  fillet,  and  completely 
cover  the  cylinder  to  which  they  are  applied ;  whereas  in  sheet-cards  a  space 
is  left  between  every  sheet,  as  may  be  seen  on  the  main  cylinder,  fig.  395. 

Fig.  395  represents  a  sectional  view  of  the  immediate  working  parts  of  a 
breaker  carding-engine.  A  is  the  main  cylinder,  covered  with  weet-cards; 
B  the  doffer  cylinder,  covered  with  fillet-card ;  C  C  C  are  the  tops ;  e  ^  is  the 
feeding-cloth  supplied  with  cotton,  which  has  been  previously  weighed, 
moving  forward  over  the  roller,/,  by  means  of  the  roller  g,  and  delivering 
the  cotton  between  the  feeding-rollers  H  I),  which  carry  it  to  the  main  cf* 
Under.  The  main  cylinder  revolves  rapidly  in  the  direction  of  the  dart,  aod 
carries  M^^otton  upward  between  itself  and  the  tops,  which  are  covend 
with  sheet-cards,  about  If  inches  to  2  inches  wide,  so  that  they  may,  as 
nearly  as  possible,  follow  the  curve  of  the  main  cylinder.  I  is  the  lapping 
C3rlinaer,  having  a  wooden  roller  P,  laying  upon  its  upper  sur&ure;  and  K 
is  the  doffer  or  taker-ofT,  having  affixed  to  it  the  steel  comb  called  the 
doffing-plate. 

The  doffing-plate  may  be  seen  more  at  large  in  fig.  396,  which  represents 
a  front  view  ot  the  doffer  cylinder  on  a  ^rger  scde.  On  inspecung  this 
figure,  it  will  be  seen,  that  the  doffing-plate  L  L,  whose  lower  edge  is 
formed  like  a  comb,  is  fastened  across  the  whole  of  the  doffer  cylinder,  and 
is  supported  by  the  two  uprights  m  m,  &stened  on  two  cranks  on  the  shaft 
«^  f?.  The  upper  parts  of  these  uprights,  m  m,  are  fastened  to  corresponding 
cranks  at  n  n,  so  that  the  doffing-plate,  by  the  revolution  of  the  shaft,  is 
made  to  move  downwards  while  in  contact  with  the  dotfer  cylinder,  and  up- 
wards while  away  from  it.  The  cotton  is  taken  in  by  the  feeding  rollers, 
and  is  carried  up  by  the  main  cylinder  and  passed  between  it  and  the  tops 
or  flats,  whose  teeth  lie  in  an  opposite  direction  to  those  of  the  mam 
cvUnder,  and  by  whose  united  action  ^e  cotton  b  combed,  divided,  and 
cleansed,  aa4  its  ^bres  placed  in  a  dir^tion  more  parallel  to  each  other. 

The  main  cylinder,  by  its  revolving  motion,  is  soon  covered 
vith  cotton,  and  is  divested  of  it  by  tihe  doffer  cylinder,  whidi 
is  placed  so  as  nearly  to  touch  it,  and  wluch  moves  at  a  mudi 
slower  speed,  in  the  direction  of  the  dart.  The  effect  of  this 
engme  would  therefore  be  to  distribute  the  cotton  equally  ow 
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Ae  main  cylinder^  the  top  cards,  and  tiie  doffer  cylinder }  but 
the  doffing-plate,  by  the  action  already  described,  is  continually 
clearing  the  doffer  cylinder  i  whose  points  are  consequently 
left  bare  to  receive  a  fresh  supply  from  the.  main  cylinder. 
The  doffing^plate  continually  strips  the  doffer  cylinder  of  the 
carded  cotton,  which  it  delivers  upon  the  lapping  cylinder  in 
one  continuous  web  of  about  18  inches  wide,  which  is  the  usual 
width  of  the  engines  for  fine  work. 

When  the  top  cards  are  covered  with  cotton,  an  attendant 
is  appointed  to  take  them  off  and  to  divest  them  of  the  cotton 
by  means  of  a  card  nailed  on  a  board,  which  he  carries  in  hia 
hand  for  that  purpose. 

The  quantity  of  work  delivered  to  the  engine  is  ruled  by  the 
speed  of  the  cylinders  and  quality  of  the  cotton.  When  it  has 
passed  through  the  engine,  and  is  wound  upon  the  lam>ing 
cylinder,  (which  is  so  adjusted  as  to  contain  about  20  laps,) 
the  attendant  lifts  up  the  roller  U,  makes  a  division  in  the 
circular  web,  and  takes  it  off  the  roller. 

In  this  operation  we  are  presented  with  the  first  act  of  ply- 
ing or  doubling,  which  is  introduced  in  the  process  of  spin- 
ning in  order  to  obtain  equality  in  the  strength  and  thickness 
of  the  yam. 

Tlie  cotton  is  in  this  state  called  a  lap,  and  is  immediately  taken  to  a 
finisher-engine,  which,  in  general,  is  disposed  back  to  front,  immediately  after 
the  breaker-engine,  as  maybe  seen  in  fig.  397.  The  construction  of  the 
finisher-encine  is  exactly  similar  to  that  of  the  breaker-engine,  except  that 
ioMead  of  having  a  lapping  cylinder^  the  cotton,  when  it  leaves  the  doffer,.  is 
drawn  throngh  a  mouth-piece,  R,  formed  like  the  end  of  a  trumpet,  by  means 
of  the  rollers  #  and  /,  and  is  delivered  into  the  can  W.  The  rollers  «  and  t 
may  be  seen  in  section  in  this  figure,  and  in  a  front  view  in  fig.  396.  Pre- 
viously, however,  to  leaving  this  process,  we  shall  make  a  few  remarks,  as 
it  is,  with  much  propriety,  considered  the  very  foundation  of  all  good 
ipinnisg. 

The  breaker-engine^  for  spinning  fine  cotton  is  generally 
covered  with  cards  of  a  fineness  that  will  admit  225  teethyor 
450  points,  in  a  square  inch  ;  and  the  finisher  275,  or  550. 
But  spinners  are  much  divided  on  this  subject,  and  in  some 
milk  the  same  work  is  performed  with  cards  one- fifth  coarser 
than  it  is  in  others.  The  top  cards  are  in  general  one-tenth 
coarser,  and  those  of  the  doffer  cylinder  one-tenth  finer,  than 
those  on  ^e  main  cylinder :  and  in  some  manufactories,  at  the 
back  part  of  the  en^es,  where  the  cotton  first  arrives,  coarser 
top  cards  have  been  introduced,  with  a  view  of  divesting  the 
OQ^n  of  the  largest  particles  of  extraneous  matter,  and  in 
sokne  instances  have  been  again  laid  aside  as  superfluoua^ 
Cards  mast  be  set  easy  in  the  leather,  which  should  be  thin 
and    strong.    The  card-engine  b  driven  by  a  ttrap  passing 
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from  a  drum  ever  ft  fitot  and  loose  pulk^f  fixed  on  tke  ahift 
of  the  main  cylinder.  The  feat  ftad  loose  pulley  is  imresented 
in  fig.  65  ;  and  its  utility  has  been  explidned  in  the  article 

MiLL-GBBRING. 

To  return  to  the  manufkctare,  die  cotton,  wfaidi  is  now  in  ^  can  fron 
the  oard-engiaet,  in  the  foim  of  a  t liver,  ia  next  t ubmitted  to  the  proce»  U 
dnmtMf^  represented  in  fig.  398.  In  this  process  three  or  four  card-eods 
are  brought  in  tin  cans,  and  passed  between  the  rollers  A  B  and  CD,  wbkh 
KevoWe  with  different  velocities ;  that  is,  the  rollers  C  and  D  revolve  much 
Quicker  than  A  and  B,  and  the  top  rollers  A  and  C  are  ipade  to  press  vpoo 
B  and  D  by  means  of  the  weiffht  e.  Now,  supposing  four  slivers  be  pbieed 
together,  and  passed  through  tae  rollers  A  B  and  C  £>,  and  that  C  D  revoWc 
so  much  quicker  than  A  B,  that  the  sliver  will  become  four  tiroes  its  original 
length,  the  cotton  wiU,  by  such  elongation,  be  reduced  in  thickness  three- 
fourths,  that  is,  to  the  same  thickness  of  a  single  sliver  when  first  brooght  to 
the  rollers.  By  this  process  the  fibres  of  the  cotton  are  laid  moie  penlU 
to  each  other,  m  the  direction  of  the  length  of  the  sliver,  and  the  operstios 
is  repeated*  by  plying  the  slivers  which  ^ve  passed  the  rollers,  and  passing 
them  through  a  similar  set.  The  sliver,  when  thus  plied  and  reduced,  ii 
drawn  through  the  mouth-piece  G,  by  the  rollers  £  and  F,  and  delitercd 
into  another  can. 

After  the  cotton  has  been  plied  and  drawn  as  many  times 
as  the  spmner,  from  the  quality  of  die  cotton^  and  the  intended 
quaKty  of  the  yani^  considers  necessary,  it  is  carried  to  the 
roving-frame. 

The  roving-frame,  which  is  madi  used  in  nrills  where  mnle-spinoiif  if 
carried  on,  is  represented  in  fig.  402,  and  is  termed  the  ctm  rovng-fi^ 
A  B,  two  rollers,  moving  at  a  slower  speed  than  C  D ;  A  and  C  are  pKM«} 
upon  the  rollers  B  and  D  by  the  weight  £,  as  may  be  seen  in  a  front  tiew, 
ilg.  402,  and  section,  fig.  403.  The  cans  (ftg.  402)  are  reprettnted,  the  ooc 
shut,  and  the  other  open ;  the  latter  opens  by  means  of  hinges,  after  isiiis^ 
the  ring  g.  The  cans  are  capable  of  revolving  upon  their  spindles  kkfVA 
are  supported  in  an  upright  position  by  the  coUars  1 1,  and  have  at  ibeir 
tipper  extremities  funnel-shaped  pieces,  kk, 

jf  two  slivers  of  cotton  are  biouriit  from  the  drawing-frame,  and  paved 
between  the  rollers  A  B  and  C  D,  me  processes  of  plying  and  drawing  «iH 
again  take  place;  and  the  rollers  CD  will  feed  the  end  thiM  formed  into  (he 
can  througn  the  month-piece  at  k,  which,  by  revolving  rapidly  upon  its 
axis,  will  impart  to  the  end,  or  sliver,  a  slight  degree  of  twist.  When  the 
jcan  is  filled,  the  rollers  are  thrown  out  of  geer,  and  the  motion  ceases ;  ^ 
can  is  then  opened,  and  the  cotton,  or  as  it  is  now  caHed,  (he  rovinfj* 
taken  out  and  wound  upon  a  bobbin,  and  in  that  state  is  carried  to  a  maonst 
called  a  stretcher. 

Some  objections  exist  agdnst  this  species  of  raring ;  fii*^ 
from  the  necessity  of  taking  the  rovioff  out  of  the  can  for  the 
purpose  of  winding  it  upon  a  bobbm,  during  which  it  is  litUt 
to  sustain  much  damage  from  the  fiiures  being  in  a  very  sli^ 
state  of  adhesion ;  and  seoondly,  from  the  roving  receiviiV  ^ 
4wist  solely  from  the  revolution,  of  the  can  in  which  It  reit^ 
and  by  which  the  twist  is  not  equally  diffused  orer  the  ^^ 
length  of  the  vomg.    The  first  objtetion  was  altenqpte4  ^ 
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W  dnriaiedy  by  placing  the  cm  in  a  fmme^  and  ihvwiag  the 
nmng  ont  through  the  niouth^piece  at  which  it  entered ;  and 
a  remiedy  for  the  second  was  somewhat  nasnccetsfuUy  at- 
tempted by  Mr.  Arkwright,  who  tried  to  introduce  a  pair  of 
roUers  upon  the  top  of  the  roving-can,  to  seisie  hold  and  feed 
the  roving  into  the  ean  as  fest  as  it  was  received  frow  the 
douring-roUers.  This,  undoubtedly,  would  have  perfectly 
tqualized  the  twkt  throughout ;  but  the  machinery  necessary 
to  praduce  the  double  rotatory  motion  was  found  to  be  incon* 
venieut,  and  the  plan  was  in  consequence  abandoned. 

A  roring-frame  of  a  different  oonstraction,  which  obviates  the  preceding 
ebjections,  and  ivhichy  in  conse<}vienoe,  has  received  more  general  adoption, 
it  represeated  in  f^.  404 ;  it  is  called  the  bobbin  and  filer  rmfvu^ftrnm. 
The  roUers  for  stretching  are  similar  to  those  before  described ;  and  the  plied 
and  drawn  roving  is  represented  as  coming  from  the  roUers  at  A,  whence  it 
passes  throneh  an  eye  at  C,  over  the  top  of  the  spindle  D,  and  down  one  of 
the  legs  of  the  flier  B  B,  which  is  for  that  purpose  formed  tubular.  Bj  th« 
isfohitioa  of  the  spindk  D,  generated  l^  a  stsap  acting  upon  the  pulley  P, 
the  fliers  aie  carried  swiftly  round,  and  twist  and  deliver  the  thread  upo» 
the  bobbin  £,  which  is  moved  upwards  upon  the  spindle  by  i;aisine  the 
board  O  G,  upon  which  it  rests,  descending  again  as  tne  boara  descends. 

The  roving  is,  by  this  means,  slightly  twisted  and  wound  upon  a  bobbin, 
in  a  ft!  state  to  be  immediately  carried  to  Uie  stretching-frame,  which,  being 
^!tiy  nmilar  in  its  conitmctioa  to  the  mule,  wn  oonsider  it  neoessaiy  onfy  ta 
give  a  side  view  of  one  of  the  spiivile^  of  a  mule,  shown  in  fig.  405).  A  if 
the  place  where  the  bobbin  from  the  roving-frame  (not  shown  in  this  figure) 
woiud  have  been  situate ;  and  e  e  e  are  three  pairs  of  rollers,  revolving  at 
dtfRnrent  speeds,  for  the  farther  drawing  of  the  roving.  The  rovins,  when  it 
has  been  thus  drawn,  is  biooght  to  the  spindle  B,  whidi  is  fonn^  of 
polished  stcd,  ground  slig^itly  tapenng  to  the  end,  which  is  a  round  bhsl 
point.  The  spindle  receives  its  motion  at  the  pulley  D,  by  means  of  a  band 
passing  round  a  drum  in  the  box  £  E  £ ;  which  drum  has  ban^s  passing 
m  the  same  manner  to  several  other  spindles.  When  the  motion  com- 
mences, the  carriage  E  £  £  panes  backwards  to  the  position  shown  by  the 
dotted  lines,  and  carries  wiui  it  the  spindles  to  the  position  B^ ;  duting 
which  the  spindle  revolves  rapidly  on  its  axis,  and  g^ves  a  certain  degree  or 
twist  to  the  roving,  which  already  has  undergone  a  reduction  in  diameter 
by  pasing  through  the  rolleis  C  C  C.  The  extent  to  which  the  frame  re- 
cedes is  about  three  vards,  and  when  tlie  spindles  have  given  the  reouisite 
degree  of  twist  to  die  yarn,  it  returns  to  its  former  place;  while  tne  at* 
tesdant,  by  moving  the  bar  II  upon  its  axis,  presses  tne  yam  downwards, 

S  means  of  a  piece  of  wire  K,  which  causes  it  to  be  wound  upon  the  spii^ 
is,  so  as  to  form  a  figure  that  may  be  represented  by  two  cones,  one 
having  a  more  acute  angle  than  the  other,  placed  base  to  base,  as  shown  at 
A,  B^  and  B  i.  This  form  is  termed  a  en^,  and  the  act  of  so  distriboting 
the  ytni,  by  the  movement  of  H  &,  the  buiiding  of  the  cop. 

it  may  here  be  observed,  that  although  this  is  ci^led  the 
BtreCching-frame,  the  yam  is  not  stretched,  but  merely  under- 
goes a  fturther  process  of  drawing  and  spinning,  and  that  the 
stretching  is  not  performed  till  in  the  next  o^ration,  which 
Ik  performed  upon  the  mule,  and  termed  spinning. 


Digitized 


by  Google 


9B4  THK   OPARATIVX   MECHANIC 

The  yam,  ddivered  from  the  stretching-frame  in  the  fann 
of  ft  cop«  18  takien  to  the  mule,  idiicb  is,  though  mach  li|^ter, 
both  in  the  form  and  action  of  the  parts,  verj  similar  to  the 
stretching-frame.  The  spindles  also  are  of  a  smaller  sbe, 
and  are  situated  nearer  to  each  other. 

The  mule  apimdng-frame  differs  from  that  of  the  stretching- 
frame  insomuch  as  the  act  o^  stretching  is  added  to  the  other 
operations  ;  for  when  the  frame  £  £  £  has  receded  a  certun 
distance,  generally  about  one  yard,  the  rollers  C  C  C  cease  io 
move,  and  the  frume  still  continuing  to  recede,  stretches  the 
yam.  During  this  process,  the  spindles  on  the  frame  £ ££ 
move  considerably  quicker,  in  order  to  save  time.  The 
stretching  is  performed  with  a  view  to  elongate  and  reduce 
those  places  in  the  yam  which  have  a  greater  diameter,  aod 
are  less  twisted  than  the  other  parts,  so  that  the  size  and 
twist  of  the  yam  may  be  more  uniform  throughout.  When 
the  cops  are  full,  they  are  taken  from  the  moving  spindlei, 
and  placed  on  stationary  parts  of  other  mules,  as  at  A,  and 
the  yam  is  again  submitted  to  the  same  process,  until  it  ii 
reduced  and  spun  to  the  proper  fineness,  both  as  respects  the 
diameter  and  the  twist ;  during  the  whole  of  which  procesSi 
the  yam  can  be  continually  joined,  so  that  the  cops,  whiefa 
are  in  separate  pieces,  can  be  added  to  each  other  in  parts,  or 
otherwise,  as  the  continual  elongation  of  the  yarn  in  the 
course  of  the  different  operations  of  each  mule  may  require* 
The  pieces  are  joined  by  children,  called  pieeers,  who  are  in 
attendance  on  each  mule^  to  join  any  yam  that  maybe  broken 
in  the  act  of  stretching  or  twisting. 

The  drums,  which  drive  the  spindles  in  those  parts  of  tie 
mule  that  recede,  receive  their  motions  from  bands  coffin 
municating  with  the  moving  power ;  but  the  advancement 
and  recession  of  the  carriage,  for  the  purposes  of  receiving 
and  stretching  the  yam,  as  before  described,  is  performed  by 
means  of  a  wheel  moved  by  hand-labour.  A  spinner  is  enabled 
by  experience  to  judge  of  and  regulate  both  these  operatiooB, 
as  also  the  building  of  the  cop,  which  is  a  matter  of  verv 
great  nicety ;  for  if  the  cop  is  not  well  built,  the  yam  will 
not  ran  off  even  when  it  is  to  be  used.  The  number  of  spin- 
dles on  a  mule  amount  frequentlv  to  300.  The  yam  produced 
by  mule-spinning,  being  by  far  the  most  perfect,  is  employed 
in  the  fabrication  of  the  finest  articles,  such  as  lace  and 
hosierv ;  and  when  it  is  twisted  in  two,  four,  or  six  plies>  u 
used  for  sewing-thread. 

Jennj/'SpitmiHg  is  of  earlier  date,  and  a  much  less  perfect 
process  than  mule-spinning;  consequently  it  is  but  littl# 
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liilkl^  tecept  in*the  manufacture  of  yam  for  coarse  goods.  lu 
this  spinning,  the  cotton^  after  having  been  cleansed  by  some 
4t  the  processes  ahneady  described,  is,  prepaptory  to  bein^ 
exposed  to  the  action  of  the  jenny,  immersed  in  a  solution  of 
soap  and  water,  to  divest  it  of  the  glutinous  matter  generally 
found  on  the  surface  of  this  and  other  vegetable  fibres  ;  it  h 
then,  after  the  soap  and  water  has  been  pressed  from  it,  put 
into  a  warm  stove,  and  when  dry,  is  considered  to  be  iu  a  fit 
state  to  be  e^q^osed  to  the  operation  of  the  carding-engine. 

The  carding-engine  used  in  jenny-spinning  is  different  in 
its  construction  to  the  one  before  described  ;  for  in  mule  and 
water  spinning  there  is  a  breaker  and  a  finisher  engine  ;  but 
the  engine  used  in  this  process  is  called  the  double*engine ; 
the  first  part,  or  breaker,  is  in  the  same  frame  with  the  second 
part,  or  finisher,  and  the  doffer  from  the  first  part  delivers  the 
cotton  upon  the  main  cylinder  of  the  second  part,  which,  in 
like  manner,  delivers  it  upon  the  second  doflfer.  The  secoi^d 
doffer,  instead  of  being  covered  with  fillet-cards,  as  th6  doffer 
of  the  single  engines,  is  covered  with  sheet-cards,  like  the 
main  cylinder^  but  being  of  smaller  dimensions,  has  generally 
only  twelve  cards  upon  it ;  therefore  the  web  of  cotton  combed 
from  such  doffer  by  the  doffing-plate  is  not  in  one  continuous 
piece,  but  in  several  pieces  or  portions^  equal  to  the  quantity 
attached  to  each  sheet-card  upon  the  dofiing-cylinder. 

As  the  several  small  portions  are  delivered  by  the  comb, 
they  &1I  into  the  concave  part  of  a  snoooth  arc?  that  is  equal 
to  one-third  of  a  circle.  In  this  arc  a  cylinder  of  smooth 
mahogany  slowly  revolves  in  such  direction  tfiat  the  lower 
i^rfoce  in  the  arc  passes  from  the  engine.  This  cylinder  has 
small  Cavities  or  flutes  on  its  surface,  in  a  parallel  direction 
to  its  axid ;  the  angles  on  the  projections  between  t|^e  flutes 
are  taken  off,  so  that  the  several  portions  of  web  which  fall 
fi'om  the  doffer  into  the  arc  are  seized  by  the  flutes,  and  car- 
tied  forward  on  the  concave  face  of  the  arc,  and  formed  into 
a  sliver,  about  half  an  inch  in  diameter,  and  of  a  length  cor- 
tesponding  with  the  breadth  of  the  carding-engines,  which  is 
about  from  24  to  34  inches.  The  ix)rtions  thus  foiled  are 
called  rows,  rolls,  or  ibwans. 

In  this  state,  the  cotton  may  be  considered  in  the  same 
Relative  state  of  progress  as  a  card-end  in  mule  or  water 
spinning ;  but  it  is  evident  that  this  mode  of  spinning  is  very 
deficient  for  the  purposes  of  fine  yam,  insomuch  as  in  the 
rowans  the  fibres  of  the  cotton  are  laid  across  the  longitudinal 
direction  in  which  they  are  to  be  spun,  so  that  the  advantage 
derived  in  the  other  process  of  carding,  from  the  fibres  being 
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placed  in  a  direction  parallel  to  tbe  intended  leiu|[th  of  the 
yarn,  is  entirely  lost,  in  this  process,  also,  the  ai^aatage  of 
plying,  which  we  have  noticed  as  taking  place  on  the  lappiiy 
cylinder,  is  omitted. 

When  the  rowans  are  perfected  by  the  mahogany  <nrlincler^ 
tliey  are  taken  up  by  children,  and  placed  upon  the  Meding- 
cloth  of  a  machine  called  the  bilfy,  or  reving^bUfy,  the 
operation  of  which^  is  called  roving  or  slubbing ;  but  the  latter 
expression  is  now  but  seldomrused,  except  in  the  manufacture 
of  woollen.  Thia  machine  is  in  its  construction  and  action 
rerv  similar  to  the  mule,-  as  is  the  feediiig«cloth  to  that  de^ 
scribed  in  the  machine  called  the  picker  and  batten 

The  feeding-cloth^  lays  in  a  slantmg  position,  and  the 
rowans  are  placed  upon  it  so  that  they  can  pass  lengthwise 
in  the  direction  of  its  action,  and  be  deUverea  over  the  uppet 
roller  between  two  pieces  of  board  whidi  possess  a  ci^)abiiity 
of  clasping  and  agam  relieving  them.  The  rowans  are  thea 
attached  to  revolving  spindles,  which  have  an  advancing  and 
rt^ceding  motion  similar  to  the  mule  or  drawing-frame.  By  thii 
revolution  and  recession  the  spindles  perform  the  operation  if 
spinning  and  stretching ;  and  at  such  intervals  as  the  spindles 
are  stretching  and  twisting,  the  feeding-clotih  stops,  and  the 
clasps  seize  hold  of  the  roving,  and  detain  it  till  sufficiently 
spun  and  twisted,  when  it  relieves  it  in  order  to  allow  a  fiir^ 
ther  portion  of  the  rowan  to  be  fed.  The  roving  having  bjr 
this  means  received  a  certain  degree  of  twist,  is  bcult  on  a 
spindle  in  the  form  of  a  cop,  as  in  mide-spiaungr  and  is  thca 
taken  to  the  machine  called  the  jenny. 

The  operation  of  the  Jenny  is  nearly  the  sanie  as  the  roving^ 
l^illy ;  the  only  material  di^rence  is,  that  the  eopa  of  tovwg 
tX)  be  spun  are  fixed  upon  a  moving  carriage,  which  has 
clasps  to  hold  the  roving  while  in  the  act  of  t^ing  stretcfaad 
and  spun  into  yarn. 

Having  now  concluded  the  process  of  jenny-^pinniBgy  it 
will  be  seen,  that  drawing  and  pljring,  the  two  essential  requi* 
sites  for  producing  fine  yarn,  by  placing  the  fibres  parallel  to 
the  lengtn  of  the  twist,  are  wanting,  and  that  fine  yarn,  in 
oonsequence,  cannot  be  produced ;  but  the  fibres  in  this  im>- 
cest  being  placed  in  a  direction  more  across  the  length  oi  the 
twist,  give  to  the  yam  a  rich  fidness  which  renders  it  prefief 
able  for  the  weft  of  heavy  goods,  for  which  it  is  esteemed. 

fFater-spimiing  differs  both  from  the  mule  and  jenny  spiiH 
ning ;  but  the  carding  and  drawing  machines  are  Uie  same  at 
those  used  in  the  process  of  mule-spinning.  When  the  cottoo 
has  passed  through  the  carding  and  drawing  machines,  it  is 
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Carried  to  the  spinning-frame,  which  is  up<ni  a  different  prin- 
ciple to  the  mule,  and,  indeed,  is  more  closely  allied  to  the 
bobbin  and  flier  roving-frame. 

One  of  these  spindles  is  represented  in  fig.  406i  A,  the  bobbin,  brought 
fVom  the  roTing-nrame ;  B  C  and  £  guides  for  the  yam  to  pass  throuffh  t 
G  G  G  three  pairs  of  rollers  to  perform  the  office  of  dratring ;  and  H  a  flier, 
farmed  solidy  and  having  at  the  end  of  one  arm  a  small  twist  like  a  cork- 
screw, through  which  the  j^am  passes.  By  the  ref  olution  of  the  flier  the 
yarn  receives  the  requisite  degree  of  twist,  and  is  wound  upon  the  bobbin; 
which,  by  the  motement  of  the  seat  1 1,  on  which  it  rests,  has  an  upward 
and  downward  motion,  in  order  thai  the  yam  may  be  received  upon  it  regu- 
lariy.  The  guide  C  has  a  slow  reciprocating  motion  in  the  direction  of  the 
duces  of  the  rollers  G  G  G,  by  which  the  roving  is  moved  over  the  surfaced 
of  Uie  rollers,  so  that  the  parts  wear  uniformly. 

In  water  twist-spinning,  the  operation  of  stretching  is  not 
introdticed.  The  motion  is  transmitted  from  the  first  movei* 
to  the  drawing  and  roving  frames  by  means  of  bevel-wheelsy 
pUced  on  the  end  of  the  fitime«  These  wheels  communicate 
motion  to  the  rollers^  which  have  spur-wheels  upon  their 
sbaftsj  adapted  to  give  motion  to  each  other  by  intermediate 
wheels,  which  (^it  to  the  lower  rollers  motion  in  the  proper 
direction.  The  spindles  receive  their  motion  from  banda 
eommmiicflting  with  the  drum  K^  represented  by  the  dotted 
lines.  This  construction  of  a  water  spimiing-frame  is  called  ai 
throstle^  and  the  difference  which  characterises  it  from  that 
properly  called  the  water^frame  is,  that  the  cylinder  K  runs 
through  the  whole  length  of  the  fc^e,  and  gives  motion  to 
all  the  spindles  at  once;  whereas  iA  the  water-frame  the 
spindles  are  moved  by  ah  upright  pulley,  communicating 
motion  to  only  one  set  of  six  spindles,  which  is  an  advanta^e^ 
as  the  motion  of  one  set  can  be  stopped  without  stopping  mi 
noticm  of  the  whole.  But  as  the  water-frame  is  far  more 
eitpensive  than  the  other,  it  is  a  matter  of  doubt  which  ou^t 
to  b^  preferred* 

The  several  sorts  of  yarn  haive  each  their  peculiar  destina-*' 
tion.  The  jram  from  mule  and  jennv  spinning  is  taken  fromi 
the  frame  in  the  form  of  a  cop ;  that  from  water<^twist  \t 
Wound  upon  a  bobbin.  The  yam  from  water-frames  posses^tf 
much  regularity  and  strength,  and  is  mostly  used  for  the  warps 
of  heavy  goods,  such  as  fustians  and  strong  calicoes^  If  th^ 
ysni  has  to  be  packed  for  the  market,  it  is  reeled  upon  a  frame 
eoorisUng  of  six  horizontal  bara  sii^ported  on  an  axis  pacaUei 
to  each  (Sber. 

This  frame  is  represented  in  section,  in  fig.  407.  A  A  A  A  A  A  the 
^orinmt^d  bars ;  B  the  axis ;  and  C  the  bobbin  from  the  ^ater-firame.  The 
doited  hnci  represent  the  direction  of  the  twist.  These  teeli  are  of  a  suft* 
tient  breadth  to  wind  off  about  50  cops,  or  bobbins,  si  the  same  time. 
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When  the  reel  has  made  80  revolutions,  a  Hmall  bell  that  i^ 
connected  with  the  machinery  rings,  and  warns  the  attendant 
to  stop  the  motion  of  the  reel.  The  portion  thus  wound  is 
called  a  Jay,  and  seven  of  these  lays  wound  upon  the  same 
reel  constitute  a  hank,  which  is  taken  Arom  the  reel  by 
caushig  one  of  the  horizontal  bars,  supplied  with  a  hingt^  to 
fall  inwards.  The  circumference  of  t^  reel  is  a  jrard  and  a 
half;  consequently  the  hank  measurers  840  yards.  The  size 
of  the  twist  is  expressed  by  stating  how  many  hanks  go  to 
the  pound  weight :  thus,  the  yam  c^ed  N®  100  is  that  which 
takes  100  hanks  of  840  yards  each  to  w^igh  an  avoirdupcna 
pound.  Yarn  can  be  spun  upon  mules  as  fine  as  200  hanks 
to  the  pound ;  but  in  water-twist  and  jenny-spinning  it  seldom 
exceeds  60  or  70. 

The  plan  of  the  buildings  in  which  the  dotton-spinning 
machinery  is  placed,  is  generally  in  the  form  of  a  parallel- 
ogram, of  a  length  proportionate  to  the  extent  of  the  manu- 
facture carried  on  therein,  and  about  thirty  feet  wide«  In  the 
best  constructed  mills,  the  carding  and  other  preparatory 
machines  are  placed  on  the  lowest  floor;  the  mules  and 
stretching  frames  on  the  next ;  and  so  on  progressively  as 
the  machines  improve  the  fineness  of  the  yarn.  The  mtues, 
jennies,  and  water-frames  are  placed  with  their  line  of  spin- 
dles across  the  building ;  and  the  card-engines  have  the  axes 
of  their  cylinders  parallel  to  the  long  wall  of  the  building. 
Pour  or  six  rows>  breakers  and  finishers,  are  placed  alter- 
nately. 

The  steam-engine,  or  first  mover,  is  placed  at  one  end  of 
the  building,  and  the  motion  is  conmiunicated  by  a  horizontal 
shaft  running  the  whole  length  of  the  building,  which  trans- 
mits the  motion  to  vertical  shafts  with  bevel-wheels,  whidi 
wheels  transmit  the  motion  to  horizontal  shafts  in  the  upper 
floors. 


WOOL  ma^iufacture: 

This  well-known  staple  is  in  the  process  of  the  manufiur^ 
ture  divided  into  two  distinct  classes,  hng  wool,  or  worsted 
spinning  ;  and  short  taool,  or  tiie  qmining  of  woollen  yam. 

OK   WORSrED   SPINNING. 

Having  by  means  of  machinery  accomplished  the  forma- 
tion of  a  thread  of  cotton,  the  apyiication  of  the  principle  tt 
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cUber  fibres  would  naturally  toUow  ;  and  although  some  diffi- 
adtjr  might  be  expected  to  occur  in  ads^ting  the  rollers  to 
different  staples,  yet  this  was  soon  overcome.  The  methods 
4^  forming  threads  from  long  wool  and  from  flax,  by  Ihe 
hand,  were  very  different,  yet  each  was  spun  from  the  middle, 
not  from  the  end,  of  the  respective  fibre.  In  hand-spinning, 
the  pluck,  that  is,  the  portion  plucked  from  the  sliver  or 
combed  wool,  was  placed  across  the  fingers  of  the  left  hand 
and  from  the  thick  part  of  it,  the  fibres  were  drawn,  and 
twisted,  as  the  hand  was  withdrawn  from  the  end  of  the 
spindle,  to  which  it  had  been  previously  attached.  The 
revolution  of  the  wheel,  effected  by  the  right  hand,  conveyed 
by  a  band  to  the  whir],  x)r  pulley  on  the  spindle,  produced 
the  requisite  twist  to  give  firmness  to  the  thread ;  and  by  a 
very  gentle  motion  of  the  same  wheel,  the  thread  being 
brought  nearly  perpendicular  to  the  spindle,  jt  was  wound 
upon  the  spindle  to  form  the  cop.  From  this  it  was  trans- 
ferred to  the  reel,  and  became  a  hank,  of  a  definite  length, 
but  varjdng  in  weight  with  the  thickness  of  the  thread.  In 
this  state  it  was  transferred  to  the  manufacturer  to  be  con* 
verted  into  the  different  fabrics  of  shalloon,  calimanco, 
bombasin,  &c. 

A  few  vears  after  the  introduction  of  cotton  machinery,  an 
obscure  mdividual  of  the  name  of  Hargraves,  previously 
unknown  as  a  mechanic^  who  had  been  long  employed  by 
Messrs.  William  Birkbeck  and  Co.  at  Settle,  in  Yorkshire^ 
b  th^  management  of  a  branch  of  the  worsted  manufactory, 
attempted  to  spin  long  wool  by  means  of  rollers.  He  con- 
structed working  models  of  the  necessary  preparing  machinery, 
and  of  a  spinning-frame,  bv  the  assistance  of  persons  accus- 
tomed to  the  construction  of  cotton  machinery,  and  succeeded 
so  completely,  as  soon  to  induce  his  employers  to  build  a 
large  mill  for  its  application*  By  degrees  his  plans  became 
known  to  the  trade,  and  many  large  manufactories  have 
subsequently  been  erected  for  this  purpose.  Contrary  to 
the  earlier  anticipations  on  this  subject,  it  has  been  found, 
that  mill-spun  yam  answers  better  for  die  coarse  as  well  as 
the  finer  fabrics,  than  that  produced  by  the  hand,  which  it 
has  entirely  superseded. 

The  first  process  alter  the  wool  of  the  fleece  has  been 
properly  sorted,  as  it  is  termed,  and  washed,  is  combing. 
This  is  either  done  by  the  hand  or  by  machinery,  invented 
for  that  purpose  some  years  since  by  the  ingenious  Dr.  Cart- 
wright.  The  object  of  each  mode  is  to  arrange  the  fibres  as 
much  as  possible  parallel  to  each  other,  which,  as  they  have 
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a  somewhat  tortuous  form,  and  are  of  considerable  length, 
requires  tl>ein  to  be  frequently  drawn  from  each  other  by  the 
exertion  of  the  strength  of  the  wool-comber  or  the  madiine. 
In  this  state  thty  form  a  bundle  of  fibres  about  rix  feet  m 
length,  called  a  sliyer,  apd  this  b^g  laid  upon  the  stretch^ 
ing  or  drawing  frame,  constitutes  the  commencement  of  the 
preparinj^  process.  The  wool  passes  through  several  pain  of 
rollers  of  which  the  first  and  last  are  of  course  the  essential 
ones,  the  intermediate  moving  with  equal  velocities,  and 
consequently  serving  merely  to  conduct  the  skein :  thb  if 
received  in  cylindrical  cans;  and  three  «uch  skeins  being 
passed  through  another  drawing-frame,  and  stretched  in  their 
progress,  become  fitted  for  roving,  the  last  step  in  the  pre* 
paratory  processes.  Allowing  for  the  difference  in  distance 
of  rollers  and  weights,  which  on  account  of  the  length  and 
adhesiveness  of  the  fibres  of  w(x>l,  are  both  necessarily 
greater  than  with  cotton,  the  description  of  the  bobbin  roving 
machine  already  introduced,  will  be  sufficientlj^  explanatory. 
Spinning,  the  concluding  process,  is  effected  by  means  of 
two  pairs  (x  rollers  moving  with  unequal  velocities,  and  inter- 
mediate  auxiliaries. 

The  loosely  twisted  thread  from  the  roving  bobbin,  £,  fig.  408,  is  slowly 
parried  for^rards  bv  the  holding  rollers  A,  a,  and  sqpported  as  it  proceeds 
Dy  the  two  pairs,  C,  tf,  and  D,  d.  it  is  then  drawn  between  the  rollers  B,^ 
and  having  besn  tlius  brought  to  a  proper  thidcness,  is  twisted  by  the 
flier  L,  fix^  on  the  top  of  t}^  spindle,  through  which  at  K  it  passes ;  it  is 
thei^  t^ken  up  by  the  bobbin  M,  which  moves  round  with  the  spindle  its 
axis,  although  not  equally  quick.  The  ultimate  thickness  or  size  of  the 
thread  is  determined  by  the  difference  of  velocity  in  theholdrag  and  drawing 
pairs  of  rollers ;  th^t  is  of  A,  a,  and  B,  6,  which  in  their  operation  evidently 
imitate  a  pair  of  hands.  The  pelerity  of  the  three  pairs  or  rollers  nearest  to 
the  back  of  the  frame  is  equal ;  consequently  no  stretching  takes  place 
amongst  them.  The  upper  rollers  of  the  first  and  last  pair  are  pressed 
down  upon  the  lower ,by  weights,  F,  G,  much  heavier  than  H,  I,  which  wn 
supported  by  the  axes  of  C,  D ;  these  being  only  required  steadily  to  cuiy 
forward  the  skein,  and  prevent  the  remote  ends  of  the  fibres  of  the  wool 
from  st^ng,  whilst  B,  i,  are  puUing  their  other  extremities.  The  front 
rollers  belonging  to  one  divisioit,  or  box,  as  it  is  commonly  termed,  are 
represented  in  fig.  409,  where  the  drum,  which  moves  the  spindles,  and  hf 
a  oevelledpinion  at  the  top  of  its  axis  conveys  motion  to  the  rollers,  is  also 
shown.  Tne  pinion  on  the  ris^t  extremity  of  the  roller,  acting  upon  a 
train  of  wheels  properly  adjusted,  imparts  the  requir^  relative  motion,  iif 
fuccessiooi  to  the  rpUen  beyond. 

SHORT  WOOL. 

Shoet  wool  is  wrought  into  the  finest  cloths  for  personal 
wear,  and  is  spun  in  a  manner  similar  to  cotton^  as  described 
in  jenny-spinning. 
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The  first  stage  of  the  manufacture  conBists  in  iubmitting 
it  to  the  action  of  chamber-ley  and  frequent  rinsings  in  clean 
water,  which  bring  it  to  the  state  fit  for  the  operation  of 
carding.  The  carding-engine  for  fine  short  wool  is  con- 
structed with  one  main  cylinder,  having,  in  lieu  of  the  top 
cards  used  in  jenny-spinnmg,  numerous  small  rollers,  lying 
and  rolling  upon  its  upper  fuiufaee  ;  it  is  used  in  place  of  a 
breaker-engine,  and  is  called  a  scribbler.  The  wool  is  deli- 
vered from  a  main  cylinder  to  a  doffer,'  and,  being  combed 
x)r  doffed,  is  carried  to  another  engbe,  called  the  carder^ 
which  perfects  the  carding,  and  delivers  it  oif,  by  means  of 
^grooved  mahogany  rollers,  in  a  row  or  rowan,  as  in  jenny- 
spinning.  If  the  wool  is  of  a  coarse  description,  such  as  is 
formed  into  y^m  for  the  manufacture  of  coarse  cloths  or 
woollen  cords,  more  carding  is  required. 

The  scribbler-engine  has  three  distinct  parts  or  cylinders 
in  one  frame.  The  first  psMi^  consists  of  the  first  main  cylin- 
der with  its  top  rollers,  and  is  called  the  breast ;  this  delivers 
•the  wool  to  the  second  main  cylinder,  whidi,  with  its  top 
rollers,  is  called  the  first  part;  this  delivers  it  to  a  smaU 
intervening  cylinder,  called  the  'tween  doffer,  which  carries 
it  to  the  third  main  cylinder,  which,  with  its  top  rollers,  is 
called  the  second  part ;  from  hence  it  goes  to  the  last  doffer 
xylinder,  from  which  it  is  combed  by  a  doffing-plate,  and 
^nally  carried  by  hand  to  a  cardingr-enrine.- 

The  carding-engine  consists  of  similar  paats  to  the  scrib- 
Jbler-engine,  except  that  it  has  no  breast  cylinder,  and  is 
.covered  with  finer  cards  :  its  last  doffer  delivers  the  wool  to 
,a  mahogany  grooved  roller,  which  forms  it  into  rowans  for 
4he  process  of  spinning. 

The  act  of  continuous  carding,  as  described  in  mule-spin- 
ning in  the  cotton  manufacture,  is  said  to  have  been  effected 
in  some  mills,  but  the  advantages  arising  from  it  are  not  sp 
great  as  to  procure  it  general  introduction. 

The  rows  or  rowans  are  taken  to  a  roving-bijly,  which  we 
have  already  noticed  in  jenny-spinning,  and  is  spun  and 
stretched  by  hand  as  there  described.  In  this,  however,  the 
act  of  plyine  and  drawing  is  not  introduced,  as  fineness  of 
jam  is  not  the  object  sought. 

The  engines  used  in  carding  wool  are  generally  larger 
than  those  used  for  cotton,  bemg  frequently  six  feet  wide ; 
during  the  operation  of  carding,  the  wool  is  copiously  sprinkled 
irith  rape  oU# 
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SILK  MANUFACTURE. 


Silk  is  a  very  fine  and  delicate  thready  the  produce  of  a 
fimall  insect,  called  bombyx,  or  the  silk- worm ;  which  is  not 
less  curious  on  account  of  the  changes  it  undergoes  in  its 
existence,  than  valuable  for  the  beaut^ul  fibre  which  it  spins. 

The  egg,  requiring  not  the  care  of  parental  incubation,  b 
by  the  solar  heat  brought  into  existence,  and  the  bombyx  or 
silk-worm  thus  produced  lives  upon  the  leaves  of  the  mul- 
berry-tree until  it  has  arrived  at  maturity,  when,  spinning 
itself  up  in  a  small  bag,  about  the  size  of  a  pigeon's  egg,  it  is 
changed  into  an  aurel^.  In  this  state  it  continues  till  about 
the  fifteenth  day  when  it  is  changed  into  a  butterfly,  and,  if 
not  prevented,  eats  its  way  through  the  silken  prison,  to 
expand  its  newly  acquired  wings  in  the  sun. 

The  ball  or  cocoon,  which  the  ingenious  little  insect  has 
jbfeen  at  so  much  pains  to  spin,  to  secure  itself  from  its 
enemies  and  the  effects  of  the  weather,  |s  the  substance  we 
call  silk ;  and  many  who  have  examined  it  with  attenti(m 
are  of  opinion  that  it  w^l  ei^tend  to  the  distance  of  six  flnglish 
miles. 

In  order  to  secure  the  silk  foi  the  purposes  of  th^  manute- 
tnrer,  it  becomes  necessary  to  destroy  the  insect  so  soon  as 
the  cocoon  is  completed,  which  is  on  or  about  the  tenth  day* 
Thq  cpcppn  is  of  various  colours  }  but  the  most  predominant 
pre  flesh  colour,  orange,  and  yellow.  The  whole  of  them,  how- 
ever, are  lost  in  the  process  of  scouripg  and  dying,  andtherer 
ibre  it  is  not  necessary  to  wind  them  on  separate  reels. 

The  balls,  preparatory  to  b.e^lg  wound  off  into  skdns  or 
banks,  are  immersed  in  hot  water,  which  dissolves  a  natural 
gum,  by  which  the  fibres  are  united  together,  so  that  a  single 
Siread  token  from  the  reel  will  be  found  to  be  composed  of 
numerous  9uiall  fibres  or  threads  in  Uf e  stat^  produced  hj  the 
:$vonn. 

The  silk  is  imported  into  this  country  thus  wound  off  into 
skeins,  and  in  order  to  undergo  the  processes  of  the  mana- 
^|;urer  is  wound  upon  bobbins ;  and  each  thread  being,  u 
we  before  have  stoted,  composed  of  several  fibres,  receives  a 
certain  degree  of  twist,  that  the  constituent  parts  may  be 
united  more  firmly  together  than  they  can  possibly  be  by  tlie 
gum  alone.  When  they  have  been  subjected  to  thus  much  of 
the  manufacture,  they  are  wound  upon  fresh  bobbins,  and  two 
pr  three  threads  twisted  together,  to  form  a  strong  thread  for 
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the  weaver,  who  warps  and  finally  weaves  the  silk  into  various 
beantifiil  and  useful  articles,  by  a  process  very  similar  to 
that  used  in  the  wearing  of  cotton  and  linen. 

In  Piedmont,  where  rery  excellent  silk  is  produced,  the  manuiacture  it 
carried  on  by  aid  of  uie  silk  reel  represented  in  fig.  424. 

The  balls  or  cocoons  are  thrown  into  hot  water  contained  in  a  copper  basin 
or  boiler.  A,  about  18  inches  in  length,  and  six  deep,  net  in  brick-work,  so 
as  to  admit  of  a  small  charcoal  fire  beneath  it.  B  B  is  a  wood  frame  sustain- 
ing several  parts  of  the  reel ;  D  is  the  reel  upon  which  the  silk  is  wound ;  C 
is  a  guide  which  directs  the  thread  upon  it ;  and  E  F  the  wheel-work  which 
giTes  motion  to  the  guide.  Th^  reel  D  is  merely  a  wooden  spindle,  having 
four  arms  mortised  into  it  to  support  the  four  battens  or  rails  on  which  the 
silk  is  wound. 

Upon  the  end  of  the  wooden  spindle  of  the  reel,  and  within  the  frame  B^ 
b  a  wheel  of  22  teeth,  which  gires  motion  to  another  wheel  C,  fixed  upon 
the  end  of  the  inclined  axis  £  F,  and  having  twice  the  number  of  teeth;  at 
the  end  of  this  inclined  axis  is  another  wheel  G,  of  22  teeth,  playing  in  a 
horizontal  cog-wheel  with  35  teeth.  This  wheel  turns  upon  a  pivot  fixed  in 
the  frame,  and  has  a  pin  fixed  in  it  at  a  distance  from  the  centre,  to  form  an 
eccentric  pin  or  crank,  and  give  a  backward  and  forward  motion  to  the  slight 
wouden  rail  or  layer  C,  which  guides  the  threads  upon  the  reel;  for  this  pur- 
pose, the  threads  are  passed  through  wire  loops  or  eyes,C,  fixed  into  the  layer, 
and  the  end  thereof  opposite  the  wheel  and  crank  F  is  supported  in  a  mortise 
or  an  opening  made  in  the  frame  B,  so  that  the  revolution  of  the  crank  wiU 
cause  the  kyer  to  move,  and  carry  the  threads  alternately  towards  the  right 
or  left  There  is  likewise  an  iron  bar  H»  fixed  over  th^  hoiler  at  H,  iod 
pierced  with  two  holes,  through  which  the  threads  pass  to  guide  them* 

In  the  operation  of  reeling,  it  is  well  known,  that  if  the 
thread  be  wound  separately  it  will  be  totally  unfit  for  the  pur- 
poses of  the  manufacturer;  consequently  the  ends  of  the 
threads  of  several  balls  or  cocoons  are  joined  and  wound  to- 
piether,  and  when  any  one  of  them  breaks  or  comes  to  an  end, 
its  place  is  supplied  by  a  new  one,  and  thus  by  continually 
keeping  np  the  same  number  the  united  threads  may  be  wotmd 
to  any  required  length. 

The  reeling  is  conducted  by  a  woman,  who,  when  the  balls 
or  cocoons  have  remained  a  sufficient  time  in  the  hot- water 
contained  in  the  boiler  A,  to  soften  the  gum,  takes  a  whisk  of 
birch  or  rice-straw,  about  six  inches  long,  cut  stumpy  like  a 
worn-out  broom,  and  brushes  the  cocoons  with  it,  which 
causes  the  loose  threads  to  adhere  to  it ;  these  she  disengages 
from  the  whisk,  and  by  drawing  thcni  through  her  fingers  cleans 
tiiem  from  the  loose  silk,  which  always  surrounds  the  cocoon, 
till  tiiey  come  off  dean,  which  operation  is  called  la  battue. 
When  the  silk  has  been  perfectly  cleansed,  she  passes  four  or 
more  of  the  threads,  if  she  intends  to  wind  fine  silk,  through 
each  of  the  holes  in  the  thin  iron  bar  H,  and  afterwai^ds 
twists  the  two  compound  threads,  consisting  of  four  cocoons 
esd),  about  20,  or  35  times  round  each  other,  that  the  four 
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ends  io  each  thread  may  the  better  Join  together  bf  croniu 
each  other^  and  that  the  thread  of  the  sUk  may  be  mm 
which  otherwise  would  be  flat. 

The  threads  when  thus  twisted  together  ape  passed  through 
the  eyes  of  the  loops^  C,  of  the  layer,  and  thence  are  conducted 
and  made  fast  to  one  of  the  raik  of  the  red.  As  it  b  of  con- 
aequence  in  the  production  of  good  silk,  that  the  thread  should 
have  lost  part  of  its  heat  and  gumminess  before  it  touches  the 
bars  of  the  reel,  the  Piedmontese  are  by  law  obliged  to  have 
38  French  inches  between  the  guides,  C,  and  the  centre  of 
the  reel;  and  the  layer  must  also,  imder  a  penalty,  be 
moFed  by  cog-wheels  instead  of  an  endless-coro,  which,  if 
suffered  to  grow  slack,  will  cause  the  layer  to  stop  and  aol 
lay  the  threads  dbtinctly,  and  that  part  of  the  skem  ^rill  bi 
glued  together,  whereas  the  cog-wheel  cannot  fail :  vrhen  tbe 
skeins  are  quite  dry,  the  reel  is  removed  from  the  ftame,  aod 
by  the  folding  of  two  of  its  arms,  by  means  of  hinges,  tbe 
skeins  are  taken  off,  and  with  some  of  the  refuse  silk  are  tied 
into  hanks. 

Although  from  the  foregoing  description  the  operatiOQ 
must  appear  very  simple,  it  is  a  matter  of  very  great  nicety 
to  wind  an  even  thread,  and  the  difficulty  of  keeping  the 
thread  always  even  is  so  great  that,  except  when  usu^  • 
thread  of  two  cocoons,  they  do  not  say  a  siUc  of  three,  {rar, 
or  six  cocoons ;  but  a  silk  of  three  or  four,  four  or  five,  fin 
0r  tax  cooooDSr  In  a  coarser  sUk  it  cannot  be  calcuhted 
even  so  nearly  as  to  four  cocoons,  and  consequently  they  uj, 
^m  12  to  15,  froni  15  to  20,  and  so  on. 

It  is  also  necessary  that  the  water  in  the  boiler  be  kept  it 
a  certain  temperature;  for  if  the  water  is  too  hot,  the  thread 
is  dead  and  has  no  body ;  if  too  cold,  tbe  ends  of  the  threads 
<do  not  join  well,  and  forni  a  harih  sill(.  The  threads  them- 
0cives  indicate  when  the  water  is  not  at  the  proper  degree  of 
temperature,  by  freauent  breaking  when  it  is  too  hot ;  sod 
pommg  off  entangled,  and  in  a  woolly  state,  when  too  cold. 

In  the  process  of  winding  the  woman  has  always  a  bowl  of 
cold  water  by  her,  into  which  she  occasionallv  dips  her 
fingers,  and  frequently  sprinkles  it  upon  the  iron  bar  H,  that 
the  threads  n^iy  not  be  burnt  by  the  heat  of  the  basin ;  it  alao 
serves  to  lessen  the  temperature  of  the  water  in  the  boiler 
when  approaching  the  boiling  point. 

All  kinds  of  silk  which  are  simply  drawn  from  the  coooooi 
\fy  the  process  of  reeling  are  called  raw  silk,  and  is  deDomi* 
luited  coarse  or  fine  according  to  the  number  of  fibres  of 
which  the  thread  is  composed.    In  preparing  the  raw  silk  for 
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t/kg  Uie  thread  is  slightlj  twitted,  in  order  to  eoable  it  to 
bitr  the  action  erf  the  hot  liquor  without  the  fibres  separatbg 
or  forring  up.  The  silk-ram  employed  by  the  weaveis  for 
the  woof  or  weft  of  the  stuffii  which  they  Cabricate,  is  composed 
rftwoor  more  threads  of  the  raw  silk,  slightly  twisted  by  the 
aid  of  machinery ;  and  the  thread  employed  by  the  stocking- 
ireafer  is  of  the  same  quality,  but  composed  of  a  greater 
lumber  of  threads,  according  to  the  thickness  required. 

Off^uizuie  silk  conmts  in  combining  together  two  or  more 
threads  of  silk,  each  of  which  has  in  the  first  instance  been 
tuiited  by  itself,  and  afterwards  the  'idiole  are  twisted  toge- 
ther. This  operation,  with  the  exception  of  the  elongation 
of  the  cotton,  closely  resembles  roving  in  the  Cotton  Manu- 
bctnre.  Hie  process  consists  of  six  diflbrent  operations. 
1.  The  silk  is  wound  from  the  skein  upon  bobbins  in  the 
windiDg-machines.  2.  It  is  then  sorted  into  different  quali- 
ties. 3.  It  is  spun  or  twisted  on  a  mill  in  the  single  thread, 
the  twist  being  m  the  direction  of  from  right  to  left,  and  more 
or  less  tight,  as  the  purposes  to  which  the  silk  is  to  be  applied 
may  require.  4.  Two  or  more  threads  thus  spun  are  doubled 
or  drawn  together  through  the  fingers  of  a  woman,  who  at 
the  same  time  cleans  them,  by  taking  out  the  slubs  which 
may  have  been  teft  in  the  silk  by  the  negligence  of  the  foreign 
iteler.  5.  It  is  then  Uirown  by  a  mill,  that  is,  two  or  more 
threads  are  twisted  together,  either  slack  or  hard,  as  the 
msQQ&cturer  may  require ;  but  the  twist  is  in  an  opposite 
direction  to  the  first  twist,  and  it  is  wound  at  the  same  time 
b  skeins  upon  a  reel.  6.  The  skeins  are  sorted  accordii^ 
to  their  di&rent  degrees  of  fineness,  and  then  the  process  is 
eomplete. 

T^  first  operation  which  the  raw  sUk  undergoes  is  winding, 
that  is,  drawing  it  off  firom  the  skeins  in  which  it  is  imported, 
and  winding  it  upon  wooden  bobbins,  in  which  state  it  can 
go  to  the  odier  machines. 

£ach  of  the  skeins  is  extended  upon  a  slight  reel  called 
a  swift ;  it  is  composed  of  four  smaU  rods,  fixed  into  an  axis, 
and  small  bands  of  string  are  stretched  between  the  arms  to 
receire  the  skein,  but  at  the  same  time  the  bands  admit  of 
didmg  to  a  greater  or  less  distance  from  the  centre,  so  as  to 
increase  the  effectire  diameter  of  the  reel,  accordhig  to  the 
size  of  the  skein,  because  the  skeins,  which  comes  from  dif- 
ferent countries,  vary  in  size,  being  generally  an  exaet  yard, 
or  other  similar  meastnre,  of  the  country  where  the  ulks  are 
Placed.  The  swifts  are  supported  upon  wire  pivots,  upon 
^Uch  they  turn  freely  when  the  silk  is  drawn  off  firom  theln  | 
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but  in  order  to  cause  the  thread  to  draw  with  a  gentk  foice, 
a  looped  piece  of  string  or  wire  is  hung  upontheaxis  witUii- 
«de  the  reel,  and  a  small  leaden  weight  is  attached  to  it,  to 
procure  firiction.  The  bobbins  which  draw  ofiFthe  threads  are 
received  in  the  upper  part  of  the  frame,  and  are  turned  hy 
means  of  a  wheel  beneath  each,  the  bobbin  having  a  small 
roller  upon  the  end  of  it,  which  bears  by  its  weight  upon  tbe 
circumference  of  the  wheel,  and  the  bobbin  is  thereby  put  in 
motion  to  draw  off  the  silk  from  the  swift.  A  small  Ught  rod 
of  wood,  called  a  layer,  which  has  a  wire  eye  fixed  into  it,  is 
placed  at  a  little  distance  from,  and  opposite  to,  each  bobbin, 
80  as  to  conduct  the  thread  thereupon ;  and  as  the  layer  moves 
constantly  backwards  and  forwi^ds,  the  thread  is  regularly 
spread  upon  the  length  of  the  bobbin.  The  motion  of  tbe 
layer  is  produced  by  a  crank  fixed  upon  the  end  of  a  cross- 
spindle,  which  is  turned  by  means  of  a  pair  of  bevelled  wheels 
from  the  end  of  the  horizontal  axle,  upon  which  the  wheels  for 
turning  all  the  bobbins  are  fixed. 

These  winding-machines  are  usually  double,  to  contain  a 
row  of  bobbins  and  swifts  at  the  back  as  wcdl  as  in  front. 
Two  of  these  double  frames  are  put  in  nwtion  by  cog-wheels 
from  a  vertical  shaft,  which  ascends  from  the  lower  apart- 
ments of  the  mill,  where  the  twisting-machines  are  placed. 
The  winding-machines  require  a  constant  attendance  of 
children  to  mend  the  ends  of  threads  wl^ch  are  broken ;  or 
when  they  are  exhausted,  they  replace  them  by  putting  new 
skeins  upon  the  swifts.  When  the  bobbins  are  filled,  they 
^e  .taken  away,  by  only  lifting  them  up  out  of  their  frame; 
and  fresh  ones  are  put  in  their  places. 

A  patent  has  been  lately  taken  out  by  Messrs.  Gent  and 
Clarke,  for  a  new  construction  of  the  swifts  for  winding- 
machines;  they  are  made  with  six  single  arms,  instead  of  four 
double  ones ;  and  the  anas  are  small  flat  tubes  made  to  con- 
tain the  stems  of  wire  forks,  which  receive  the  skein,  instead 
of  the  bands  of  string  in  the  common  swifts.  These  forks 
admit  of  (frawing  out  from  the  tubes  until  the  swift  be  suffi- 
ciently enlargjed  to  extend  it ;  but  as  they  extend  the  skein 
at  six  points  instead  of  four,  as  in  the  pommon  ones,  the 
motion  is  more  regular.  Instead  of  the  weight  which  causes 
the  friction,  a  spring  is  ui>ed  to  press  upon  the  end  pivot  of 
the  axis,  and  make  the  requisite  resistance. 

The  twisting  of  the  silk  is  always  performed  by  a  spindle 
and  bobbin,  with  a  flyer,  but  the  construction  of  the  machine 
is  frequently  varied.  The  limits  of  our  plate  do  not  admit 
•  representation  of  the  great  machines,  or  throwBting-milU> 
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■t  their  full  extent ;  but  the  principle  is  the  same  as  fig.  4Qd, 
vridch  we  have  extracted  from  Dr.Rees's  Cyclopaedia,  varying' 
the  description  a  little,  to  agree  with  the  present  improved 
state  of  the  manufacture. 

In  fig.  426,  we  have  given  a  drawing  of  a  small  machine,  which  is  similar 
in  the  parts  which  act  upon  the  tilk ;  and  indeed  many  mills  employ  sudi 
machines  constructed  on  a  large  scale.  The  one  in  our  plate  contains  only 
thirteen  spindles,  and  is  intended  to  be  turned  by  hand,  a  method  which  is 
too  expensive  for  this  country,  but  is  common  in  the  south  of  France,  where 
many  artisans  purchase  their  silk  in  the  raw  state,  and  employ  Uieir  wives 
or  children  to  prepare  it  by  these  machines,  which  they  call  ovalet,  because 
the  spindles,  b  ft,  are  arranged  in  an  oval  frame,  G  H. 

B  IS  the  lumdle  by  which  the  motion  is  given ;  it  is  fixed  on  the  end  of  a 
spindle  R,  which  carries  a  wheel  D,  to  give  motion  to  a  pinion  upon  the 
uDper  end  of  a  vertical  axle  E ;  this,  at  the  lower  end,  has  a  drum  or 
inieel  F,  to  receive  an  endless  strap  or  band,  a  a,  which  encompasses  the 
frame  G,  and  gives  motion  to  all  the  spindles  at  once.  The  spindles  6  6  are 
placed  perpendkularlv  in  the  frame  G II,  their  points  resting  in  small  holes 
m  {neces  of  metal,  which  are  let  into  the  oval  plank  G ;  and  the  spindle» 
are  also  received  in  collars  affixed  to  an  oval  frame  H,  which  is  supported 
from  the  plank  G,  by  blocks  of  wood ;  d  and  a  are  small  rollers  supported  in 
the  firame  G  H,  in  a  similar  manner  to  the  spindles ;  their  use  is  to  confine 
the  strap  a,  to  press  against  the  rollers  of  the  spindles  with  sufficient  force  tO" 
keep  them  all  m  motion. 

llie  thread  is  taken  up,  as  fast  as  it  is  twisted,  by  a  reel  K,  which  is 
turned  by  a  wheel  A,  and  a  pinion  t,  upon  the  end  of  the  principal  spindle  K. 
Ihe  threads  are  guided  by  passing  through  wire  eyes,  fixed  in  an  oval 
frame  L^  which  is  supported  in  the  frame  of  the  machine,  by  a  single  bar  or 
rail  /  4  and  this  has  a  regular  traversing  motion  backwards  and  forwards, 
by  means  of  a  crank  or  eccentric  pin  R,  fixed  in  a  small  cog-wheel,  which, 
is  turned  by  a  pinion  upon  the  vertical  axis  £ ;  the  opposite  end  of  the 
rail  /  is  supported  upon  a  roller,  to  make  it  move  easily.  By  this  means 
the  guiders  are  in  constant  motion,  and  lay  the  threads  regularly  upon  the 
reel  K,  when  it  turns  nmnd^  and  gathws  up  the  silk  upon  it  as  shown  in  the 
figure. 

One  of  the  spindles  is  shown  at  r  without  a  bobbin,  but  all  the  others  are 
represented  as  oeing  mounted  and  in  action.  A  bobbin,  e,  is  fitted  upon 
each  spindle,  by  the  hole  through  it  being  adapted  to  the  conical  form  of 
the  smodle,  but  in  such  manner  that  the  bobbin  is  at  liberty  to  turn  freelv 
rouDd  upon,  the  spindle ;  a  piec6  of  hard  wood  is  stuck  fiist  upon  each 
s(»ndle,  just  above  Uie  bobbin,  and  has  a  small  pin  entering  into  a  hole  in 
the  top  of  the  spindle,  so  as  to  oblige  it  to  revolve  with  the  spindle,  this 
piece  of  wood  has  the  wire-fl^er,  ft,  fixed  to  it ;  the  flyer  is  formed  into  eyes 
at  the  two  extremities ;  one  is  turned  dovm,  so  as  to  stand  opposite  to  the 
middle  of  the  bobbin  e ;  and  the  other  arm,  ft,  is  bent  upwards,  so  that 
the  eye  is  exactly  over  the  centre  of  the  spindle,  and  at  a  height  of  some 
indtes  above  the  top  of  the  spindle.  The  thread  from  the  bobbin, «,  is 
passed  through  botn  the  eyes  of  this  wire,  and  must  evidently  receive  a 
twist  when  the  spindle  is  turned ;  and  at  the  same  time,  by  drawing  up  the 
thread  through  the  upper  eve,  ft,  of  the  flyer,  it  will  turn  the  bobbin  round, 
and  unwind  therefrom.  The  rate  at  which  the  thread  is  dravm  ofi*  from  the 
bobbin,  compared  with  the  number  of  revolutiomsVhieh  the  flyers  make  in 
the  same  time,  determine  the  twist  to  be  more  or  less  hard.  This  circum- 
sitiice  is  regulated  by  ^e  proportion  of  the  wheel  k  to  the  pinion  t,  from 
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ndiicB  it  reotiTM  motion ;  and  thest  can  bt  changed  ^fhea  k  is  nt^mtkW 

tpin  different  kinds  of  silk. 

The  operation  of  the  machine  is  very  simple.  The  bobbins  filled  wiili 
filk  in  the  winding^machine^  fig.  435,  are  put  loose  upoli  tlie  spindles  at  e, 
and  the  fivers  are  stuck  ^t  upon  the  top  of  the  suindletf ;  the  threads  Mt 
conducted  through  the  eyes  of  the  fivers  6,  and  of  tne  layers  L»  and  art  then 
made  fast  to  the  reel  K,  upon  which  it  will  be  seen  that  (here  are  doubls 
the  number  of  skeins  to  that  of  the  spindles  represente<L  because  one  half 
of  the  number  of  spindles  is  on  the  opposite  side  of  the  uamCy  so  that  th^ 
are  hidden*  With  this  preparation  the  machine  is  put  in  motion,  and 
continues  to  spin  the  threads  ny  the  motion  of  the  fiyers,  and  to  draw  them 
off  gradually  (rom  the  bobbins,  until  the  skeins  upon  the  reel  are  made  u> 
to  the  requisite  lengths.  This  is  sometimes  known  by  a  train  of  wheel-work 
Bi  u  op,  consisting  of  a  pinion,  n,  fixed  upon  the  principal  spndle  R, 
turoing  a  wheel,  o,  which  has  a  pinion  fixed  to  it,  and  turning  a  largi^ 
wheel  p  :  this  has  another  wheel  upon  its  spindle,  with  a  pin  filed  in  ii, 
and  at  every  revolution  raises  a  hammer  and  strikes  upon  a  bell, «,  to  infon 
the  attendant  that  the  skeins  are  made  up  to  a  proper  length. 

In  the  silk-mills  they  employ  two  different  machines,  one 
for  the  first  operation  on  organzine^  and  the  other  tor  ^ 
second  operation. 

Thus,  after  the  silk  is  twisted  it  must  be  wound  on  fresh 
bobbins^  with  two  or  tihree  threads  togethery  preparatory  to 
twisting  them  into  one  thread.  In  the  original  machhits  at 
Derby  thb  was  done  by  women^  who,  with  band-wheeb^ 
wound  the  threads  from  two  or  tluree  of  the  large  bobbiot 
upon  which  the  silk  is  gathered  instead  of  the  reels,  and 
assembled  them  two  or  three  together  upon  another  bobbin^ 
of  a  proper  size  to  be  returned  to  the  twisting-miill. 

In  1800,  Mr.  Johti  Sharrar  Ward^  of  Bruton,  obtained  a 
patent  for  a  new  method  of  doubling  sUk,  worsted^  cotton,  or 
flax,  which  we  intend  to  describe  here ;  for  tiiough  variooi 
modes  are  adopted  for  this  purpose,  one  will  be  siSoHcient  to 
give  an  idea  of  the  whole.  Whatever  number  of  threads  may 
be  required  to  be  doubled  together,  they  may  by  means  ci 
this  invention  be  doubled  to  the  greatest  certainty;  for  if  tf 
any  time  any  one  of  the  threads,  or  union  of  threads,  to  be 
so  doubled,  should  break,  it  will  immediately  stop  the  other 
thread  or  threads  until  the  broken  thread  shsdl  be  nepieced, 
which  secures  a  constant  double  thread,  or  imion  of  threub } 
and  the  manner  in  which  the  same  is  to  be  performed  will,  ire 
trust,  be  clearly  understood  by  the  subjoined  description. 

Fig.  429.  A  is  a  roller  earryine  round  the  bobbin  B,  mhkh  draws  tbs 
thread  C  C  from  the  bobbins  D  D ;  consequently  tht  balls  £  E,  and  tlie 
thread-wires  F  F,  move  ro«md  on  the  pins  G  G.  U  H  are  two  wood  or  Jmb 
standards,  at  the  tops  of  which  are  hung  two  regulating  thread-wires,  I L 
When  either  of  the  threads  C  C  break,  the  thread-wire  through  whicb  il 
passes  fells  down,  and  the  tail  part  K  rises  up  to  a  lerel  with  the  ball  £,  sad 
stops  the  other  thread-wire  from  going  round,  and  consequently  the  tknad 
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through  ity  aod  prerentt  the  bobbin  B  from  taking  it  up ;  but 
the  roller  A  continues  its  motion.  L  L  ax^  guide-wires  for  the  threads  to 
Mas  over ;  M  is  a  slide,  mo^ed  by  a  short  wl^  or  crank,  to  lay  the  thread* 
IsT^  on  the  bobbins. 

Fig.  430  is  another  doubling-machine,  the  form  varied,  but  the  principle 
the  same  as  fig.  429.  A  is  a  roller,  whereon  lies  a  smaller  one,  marked  B, 
the  axis  of  which  goes  through  the  bobbin;  C  is  a  slide,  for  the  same  pur^ 
pose  as  M,  in  fig.  429 ;  D  D  two  bobbins,  with  spindles  through  them,  onr 
eswh  of  whidi  is  fixed  awheel  ££;  FF  are  two  thread-wires  hung  atGG« 
When  either  of  the  threads  break,  the  wires  drop  between  the  teeth  of  the 
wheel,  and  stop  the  other  thread,  the  bobbin  and  roller  B  stopping  at  the 
t  time ;  but  the  roller  A  continues  moving,  as  A  in  fig.  429. 


Tie  bobbins  being  thus  filled  with  double  or  triple  threads, 
tre  carried  back  to  the  tbrowsting-macbine,  and  are  there 
spun  or  twisted  together  in  a  manner  similar  to  that  before 
•escribed*  At  this  period,  the  silk  is  a  maricetable  article, 
and  is  passed  fiK>m  hand  to  hand^ 

The  silk  being  now  iqpunj  is  put  into  a  boiler  filled  with  hot 
water,  into  whidi  is  put  a  smaU  quantity  of  soap^  in  order  to 
direst  the  silk  of  its  gum«  In  the  earlier  processes,  the  gum 
was  necessary  for  the  purposes  of  the  manufEu^ture^  for  the 
silk,  had  it  been  divested  of  it,  would  have  assumed  a  fine! 
downy  appearance  similar  to  that  of  cotton^  and  must  have 
undergone  similar  operations  before  it  could  have  been  formed 
into  a  thread ;  this,  indeed,  is  necessary  for  that  portion  of  wastp 
s^k  which  is  drawn  from  the  cocoons  in  the  first  operation 
of  reeling ;  also  for  those  cocoons  which  have  been  reserved 
for  bree^  or  which  is  made  in  the  <R>erations  of  twisting  just 
mentioned,  through  which  the  moth  or  butterfly  has  eaten 
a  hde,  and  rendered  them  impracticable  to  be  wound  off 
intosilk« 

The  silk  is  now  taken  to  the  waTjnng-mill,  which,  being  a 
precursor  to  the  act  of  weaving,  will  he  noticed  under  that  head. 

At  this  present  moment  several  improvements  are  in  pro- 
cress  for  winding  and  throwing  silk  upon  a  new  principle  i 
mdeed,  the  silk  manufacture  now  may  be  compared  with  what 
the  cotton  manufocture  was  about  thirty  years  ago.  Thertf 
appears  to  be  taking  place  in  every  department  the  same 
great  and  rapid  improvements }  and  it  is  much  the  opinion 
of  practical  men,  that  the  machinery  now  in  use  will,  m  the 
course  of  a  very  few  years,  be  entirely  superseded,  and  that 
this  bran<^  of  our  manu&ctures  will  ultinmtely  be  almost,  if 
Bot  quite,  as  great  a  source  of  national  prosperity  as  the 
cotton  mraufacture. 

The  art  of  throwing  silk  was  first  introduced  into  this 
coontry  bv  Mr.  John  Lombe,  who,  with  considerable  inge- 
nuity, and  at  the  risk  of  his  Ufe,  took  a  plan  of  one  of  these 
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complicated  machines  in  the  king  of  Sardinia's  domiaions 
from  which^  on  his  return^  he^  in  conjunction  with  Hr« 
Thomas  Lombe,  established  a  similar  set  of  mills  at  Derby. 
Parliament  granted  them  a  patent  for  fourteen  years;  and,oa 
being  petitioned  at  the  end  of  that  term  for  a  renewal,  granted 
them  \4flOOL  instead,  on  condition  that  they  should  allow 
a  perfect  model  to  be  made,  and  placed  in  the  Tower  for 
public  inspection. 

FLAX  MANUFACTURE. 

Flax  undergoes  variotis  processes  before  it  can  be  worked 
into  cloth  or  other  articles ;  these  processes  are  rery  different, 
and  require  different  sorts  of  implements  and  machinery,  in 
order  to  their  being  properly  performed.  Flax^  for  the  pur- 
pose of  being  formed  into  cambric,  fine  lawn,  thread,  and  lace, 
IS  dressed  in  rather  a  different  mamier  to  that  which  is  em-^ 
ployed  for  other  purposes ;  it  is  not  scotched  so  thoroughly 
as  common  flax,  which  fi^m  the  scotch  proceeds  to  the  heckle, 
and  from  that  to  the  spinner ;  whereas  this  fine  flax,  aft»  a 
rough  scotching,  is  scraped  and  cleansed  with  a  blunt  knife 
upon  the  workman's  knee,  covered  with  his  leather  aproa; 
from  the  knife  it  proceeds  to  the  spinner,  who,  with  a  brash, 
made  for  the  purpose,  straightens  and  dresses  each  parcel 
before  she  begins  to  spin  it. 

In  the  Swedish  Transactions  for  the  year  1747^  a  method 
is  given  for  preparing  flax  In  such  a  mamier  as  to  resemble 
cotton  in  whitetiess  and  softness^  as  well  as  in  coherence ; 
for  this  purpose,  a  little  sea- water  is  directed  to  be  put  inta 
an  iron  pot,  or  an  tintinned  copper  kettle,  and  a  mixture  of 
equal  parts  of  birch-ashes  and  quick-lime  strewed  upon  it^ 
a  small  bundle  of  flax  is  to  be  then  opened  and  spread  upoo 
the  sur&ce,  and  covered  with  more  of  the  mixture,  and  the 
stratification  continued  till  the  vessel  is  sufficiently  fitted. 
The  whole  is  then  to  be  boiled  with  sea-water  for  ten  hours, 
fresh  quantities  of  water  being  occasionally  supplied  in  pnn 
portion  to  the  evaporation,  that  the  flaxy  matter  may  never 
become  dry.  The  boiled  flax  is  to  be  immediately  washed  in 
the  sea,  by  a  little  at  a  time,  in  a  basket,  with  a  smooth  stid^ 
at  first,  vrhile  hot ;  and  when  grown  cold  enough  to  be  borne 
by  the  hands,  it  must  be  well  rubbed,  washed  with  soap,  laid 
to  bleach,  and  turned  and  watered  every  day  for  some  time. 
Repetitions  of  the  washing  with  soap  exnedite  the  bleaching ; 
after  which,  the  flax  is  to  be  beat,  and  again  well  washed ; 
^en  dry^  it  is  to  be  worked  and  carded  in  the  same  manner 
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as  oomaoa  cottoa,  and  preaied  betweoa  two  boards  for  forly* 
eight  hours.  It  is  now  fully  prepared  and  fit  for  vme*  It 
loses  in  this  process  nearly  one-half  its  weij^t,  which^  how- 
CTec^  is  abundantly  compensated  by  the  improvement  made 
in  its  qmiitff  and  its  fitness  for  the  finest  purposes. 

The  Jlax-brdte  is  a  hand  iBStrumenty  or  machine,  which  was  ongtnallj^ 
mnd  for  many  ages,  chiefly  employed  in  breaking  and  separating  the  boon  or 
core  from  the  flax,  which  is  the  cuticle  or  bark  of  the  plant.  In  performing 
this  business,  the  flax  being  Jield  in  the  left  hand,  across  the  three  under 
teeth,  or  swords  of  the  brake,  shown  at  A,  flgs.  432  and  483,  the  upper 
tee&  or  swords  B,  fig.  432,  and  b,  fig.  433,  are  then  with  the  right  hand 
quidcly  and  often  forced  down  upon  the  flax,  which  is  artfully  shmed  and 
turned  with  the  left  hand,  in  order  that  it  may  be  fully  and  completely 
broken  in  its  whole  length. 

The  /las  fooi-brake  is  an  implement,  or  machine,  of  the  brake  icind^ 
mTented  in  Scotland,  by  windi  flax  is  broken  and  scotched  with  nmch 
greater  expedition  than  by  the  hand  instrument  jnst  described,  and  in  a 
more  gentle  and  safe  manner  than  by  the  flax-mul.  By  this  contrivance, 
the  boon  or  stem  is  well  broken,  and  the  sloping  stroke  given  as  with  the 
acotcher,  while  the  machine  is  moved  by  the  foot.  The  treadle  is  of  con- 
siderable ien||tli,  on  which  account  it  is  pat  in  motion  with  great  fociUty, 
and  assisted  m  it  by  means  of  a  fly.  The  scotchers  are  fixed  upon  the  rim 
of  a  fly-wheel.  But  though  these  machines  may  be  highly  useful  where 
nulls  turned  by  water  cannot  be  established,  they  are  probably  much  inferior 
in  point  of  expedition,  and  the  economy  of  labour.  A  brake  of  this  kind  is 
icpteaeiited  in  different  views.  In  figs.  434  and  435,  in  which  is  shown,  li^ 
A,  the  three  under  brake-teeth,  or  swords,  seventeen  inches  long,  three 
inches  deq[>^  one  indi  and  a  quarter  thick  at  the  back,  and  a  quarter  of  an 
indi  at  the  fore-part  or  edge. 

B  the  edges,  two  indies  and  three^narters  asmder  at  the  end  next  the 
guide  B,  md  two  inches  asunder  at  the  other  end.  ^ 

C  displays  the  tvro  upper  teeth,  about  an  inch  shorter  than  the  under 
teeth;  and 

D  represents  the  brake-mallet,  abont  thirty-three  pounds  English  weight 

F  is  a  compoiind  foot^treadle,  which  is  ei^t  fleet  mur  inches  between  the 
fulcra  F,  raised  at  F  eicht  indies  above  the  ground,  or  rather  five  isdies 
higher  than  the  lance  of  the  workman ;  £  is  two  feet  four  inches  between 
the  lUcra  G,  and  is  raised  at  O  eighteen  inches  above  the  ground ;  that  is^ 
fifteen  inches  higher  than  the  lance  of  the  woikman. 

H  the  swordy  or  upright  timber  rod,  which  turns  the  wheel  by  the  treadle- 
crank. 

I  the  tieadl»-erank,  of  seven  inches  and  a  half  radius. 

K  the  fly-wheel,  four  feet  and  a  half  diameter,  above  sixty  pounds 
£ogli^  weight.  As  here  represented^  it  is  beat  or  cast  iron ;  but  it  may 
also  be  made  of  tinaber. 

L  brass  cods  or  busies. 

SI  M  the  lifi^ng-crank ;  M  is  fixed  firm  upon  the  axle  of  the  fly,  while  the 
crank  AN,  about  eight  inches  radius,  plays  freely  round  the  axle.  In  position 
first,  M  beeins  to  take  round  the  crank  (which  by  Uie  lever  R  pulls  np  the 
aattel};  wten  it  comes  to  position  second,  the  mallet  is  again  at  liberty, 
indl^  iu  wdgttt  pidls  tip  the  crank  (foster  than  the  fixed  pieces  move)  into 
poalioii^thiid. 

It  may  be  observed,  that  the  treadle-crank  is  advanced  about  one^hth 
pvt  of  the  circle  before  the  lifting-crank. 
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II  m  small  fmllhB^f,  which  tunM  easily  roand  oq  the  eod^of  tfaaecMkr  ^ 
lo  which  a  rc^  is  fixtd. 

O  a  piece  of  timher  which  prereats  the  roller  firom  railing  in  upon  the 
axle,  but  which  shoiHd  not  rub  against  the  rope  in  its  ooming  down. 

P  shows  where  the  rope  passes  between  two  frictkm-rollen,  which  are  to 
placed  that  it  cones  down  three  or  four  inobas,  or  half  the  fadns  of  tke 
nfting-craok  on  the  side  of  the  plummet4iiie,  crossing  the  oeiitvt  of  the 
wheel ;  that  is,  to  the  side  on  which  the  eraok.  Uinis  whea  it  polls  dova 
the  rope. 

Q  a  pillar,  which  serves  only  to  support  the  guard  for  the  ropeO^^ipd  tht 
ftiction-TOllefs  at  P, 

R  the  lever. 

S  the  lerefvpillar.  ^ 

T  part  of  the  malletf frame. 

U  tWo  pillars  which  guide  the  brake-mallet. 

V  an  iron  spring  which  receives  the  leap  of  the  maUtt,  uA  throws  it  fi» 
quicker  dbwn. 

W  the  piUarar  vhich  support  the  fly. 

X  U  the  pillars  which  beat  the  brake-teeth  and  mallet. 

Y  Y  the  spur  and  cross  that  support  the  pillars. 
2  Z  the  bottom  frame-piece. 

a  the  broad  stool  upon  whid^.the  woikman  itaadSy  thi^e  iac^  albovc  Ik 
ground. 

The  lifting  crank  and  pulley  Are  shown  separatelyy  in  difieoent  news,  H 
Mm n,  and  mn*  > 

The  brake-teeth  are  made  of  good  beech  or  plllw-tfW;  the  bcake-aaM 
•f  plane-tree,  ash,  elm^birchy  or  oak ;  and  the  sword,  or  upright  timbeModf 
between  the  treadle  andthe  treadle-crank,  of 'beech,  ash|  or  o%k.  The  ttf- 
wh#el,  if  timber,  should  be  made  of  oak,  ash,  beech,  (elm,  or  pl|Nie4r9. 
All  the  other  parts  of  timber  worth  mentioning  maj  be  niade  of  nr-wood. 

ill  %  rrti  II  nheim  the  gfUMil  plnn  nCtlir  nhnfri 

This  brake  may  at  way  time  Be  converted  ta  « -beater  ef 
flax  and  hemp,  by  removing  the  brake-teeth,  and  putting  in 
their  place  flat  boards.  Jn  the  upper  of  theee  boards  ma^  be 
driven  32  nails,  the  heads  about  three-quarters  of  an  sdA 
lonJ,  and  the  points  of  the  heads  about  it  quarter  of  an  iocb 
in  diameter ;  the  points  of  the  nafl-beadsWy  be  placed  one 
inch  clear  asunder,  and  at  equal  dntances,  as  in  this  way  aOT  of 
the  nails  may  most  easily  be  drawn  out  in  repairing  the  maOet 
An  iron  hoop  put  about  the  mallet  will  prevent  its  burstinf 
with  the  driving  in  of  the  nails.  In  the  time  of  beating,  the 
narrow  end  of  the  mallet  is  placed  tow^Uds  the  wo»jbii^ 
and  where  there  is  much  work  fn  that,  way,  the  mallet  and  ftf 
may  be  made  heaner,  and  then. two  or  more  woriunen  oo 
work  together  upon  the  foot-treadles^  vAucb  may  also  be 
made  equally  long. 

The  JUup-haekU  la  an  instrument  or  tool  oonstrooted  for  the  pvpMt  cf 
hadclint^  or  straightening  the  fibres  of  the  ilax,  which  is  seen  ultfg^mvi 
438.  It  has  many  teeth,  fixed  in  a  square  fiat  piece  of  woo4»  as  si»t^ 
A  and B.  When  used,  it  is  firmlt  fixed  td' abimdi  bMbte  the wedstft 
who  striaes  the  fiax  upon  the  teeth  of  the  hadde,  and  diaws  H  ifBti^ 
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tkroQ^  the  teeck.  To  persons  unacquainted  with  this  kind  of  woriy  this 
mtj  seeoi  a  very  simple  operation;  but  in  fact  it  requires  as  nmch  practice 
to  acquire  the  method  of  haekliDg  vreU,  and  without  wasting  the  flax,  as  any 
other  operation  in  the  whole  manufacture  of  linen.  The  workmen  use 
finer,  or  coarser  and  wider-teethed  hackles,  according  to  the  quality  of  the 
flax ;  generally  potting  the  flax  throuj^  two  hackles,  a  coarser  one  jLt  fust, 
and  tlmn  a  iner  one  in  finishing  it. 

The  JUur  rippSng-eomi  is  an  instrument  or  tool  which  is  formed  by  letting 
six,  seren,  or  nM>re  long  sqnare  teeth  nearly  upright,  in  a  long  nanow  piece  of 
plaak,  so  that  their  cufierent  angles  shall  come  nearl  v  to  touch  eacL  other. 
By  drawing  the  flax  throng^  between  these  teeth,  the  balls  orjpods  in  which 
die  seed  is  contained  are  forced  off.  It  is  seen  at  A  and  B,  6g.  439.  If 
the  flax  is  to  be  regarded  more  than  the  seed,  it  should,  after  polling,  be 
allowed  to  lie  some  hours  upon  the  ground  to  dry  a  little,  and  so  gain  some 
firamess,  to  prevent  the  tkin  or  harl,  whidi  is  the  flax,  from  rubbing  ofi" 
in  the  rip[^g ;  an  operation  winch  onght  by  no  means  to  be  n^lected,  as 
the  balh^  if  pat  into  tne  water  along  wiu  the  flax,  breed  vermin,  and  other- 
wise spoil  tbe  water ;  the  balls  also  prove  verv  inconvenient  in  the  grassing 
and  breaking.  In  linocdnshire  and  Ireland  they  think  that  rippling  hurts 
the  fbx;  and  therefore,  in  ph^e  of  it,  ^ey  strike  the  balls  against  a  stone. 
The  handfids  for  rippling  should  not  be  great,  as  that  endangers  the  lint  in 
the  rippKng'-comb.  After  rippling,  the  fla»«aiser  vrill  perceive  that  he  is 
able  to  assort  each  sise  and  quality  of  the  flax  by  itself  nK>re  exactly  than 
he  could  before  have  done  it. 

The  hand  aud  foot  methods  of  breaking  and  scotching  the 
flax  are,  however,  too  tedions  in  their  operation  to  give  satis** 
fiu^tion  to  tiie  mannbcturers,  in  the  present  advanced  state  of 
medianical  science;  consequently  mills  have  been  con* 
structed,  by  which  these  preparatory  operations  are  mucl^ 
facilitated. 

Flax-mills  are  constructed  in  great  variety;  but  one  of 
Ae  best  with  which  we  are  acquainted  is  descnbed  in  Gray*g 
ExpeneHced  MtUwrighty  in  nearly  the  fblloinng  terms  : — 

Fig.  440  is  the  plan.  A  A,  tlie  water-wheel ;  C  C,  the  shaft  or  axle 
upon  whkh  it  is  fixed;  BB,  a  wheel  ftistened  upon  the  same  shaft, 
containing  lOt  teeth,  to  drive  the  pinion  D,  having  25  teeth,  whidi  is 
fixed  upon  the  middle  bruisinff-roHer ;  B,  a  pinion  in  whidi  are  10  teeth, 
turned  by  the  wheel  B,  which  is  fastened  upon  the  under  end  of  %iB 
perpendicidar  sh«ft  that  carries  the  scotchers;  MM,  the  large  frame  that 
sopports  one  end  of  the  shaft  C,  and  the  perpendicular  axle;  N  N  are 
fmnes  in  vrhidi  the  rotiers  turn  diat  break  or  bruise  the  rough  flax ;  I A 
and  I^  the  maddne  and  handle  to  raise  the  sluice  when  the  vrater  is  to  be 
let  on  the  whed  A  A,  to  turn  it  round ;  G  6^  doors  in  the  side  vralls  of  die 
min-honse ;  I R,  vrindows  to  lighten  the  house ;  H  H,  stairs  leading  up  to 
diekrft. 

Tyg,  441  is  the  tinatiw.  A  A,  the  water-whed  upon  its  dMdt  CC,  oa 
whi£  shaft  the  wheel  BB  is  also  fixed;  this  latter  wheel  eosElAmiag  102 
teedi,  to  torn  the  wheel  £,  having  25  teeth,  which  is  fastened  upon  the 
middle  biuising-roUei.  FF  is  a  vertical  shaft,  upon  the  lower  end  of 
which  is  fixed  a  pinion  having  10  teeth,  whidi  is  driven  by  the  wheel  B. 
There  are  two  arms  that  pass  tmoush  the  shaft  F;  and  upon  tiiesearme are 
^tf4U&d«  with  screwed  icon  bolts,  &e  scotches  that  dear  the  refiae  off  tha 
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Hnx.  DDy  the  frames  whicn  lupport  one  end  of  the  ajcWCi  ttefertica! 
ihsft,  and  the  breaking-roners ;  L  is  a  weight  suspended  by  a  rope,  the 
ddier  end  of  which  is  fastened  to  a  bearer,  as  is  seen  in  ftg.  442 ;  S  S,  a  leter, 
the  short  arm  of  which  is  attached  to  the  frame  that  w  radgeons  of  the 
upper  roller  turn  in ;  and  by  pushing  down  the  long  arm,  toe  VQ^  roDer 
is,  whe%  necessary,  so  raised  as  to  be  clear  of  the  middle  one.  NN,  the  eid 
walls  of  the  mill-house ;  R  R,  the  couples  or  firame  of  the  roof;  H,  a  door  in 
the  side  wall ;  I K,  windows. 

Fig.  442  is  a  »eetion,  A  A,  the  great  water-'^n^ieel  fixed  upoa  iu  sbalk, 
and  containing  40  aws,  or  float-bouxfs,  to  reeeiTt  tfae* water  which  mb- 
municates  motion  to  the  whole  machinery.  B  B,  a  wheel^  festened  upm  the 
same  axle,  haTing,  as  befbre  meUtiened,  102  cogs,  to  drive  tlia^wheel  C,  of 
25  teeth,  which  is  fixed  upon  the  middle  roller,  No.  t.  The  ^lick  putof 
this  roller  is  fluted,  or  rather  has  teeth  all  round  its  civcumferenee;  tbne 
teeth  are  of  an  angular  form,  being  broad  at  their-  bai^,  and  Mmtt 
towards  their  outward  extremities',  which  are  a  4i(fte  rounded*  to^  preient 
them  from  ontting  the  flax  as  it  passer  through  hecwixt  the  roHers.  IV 
otiier  two  rollers,  Nos.  2  and  3,  have  teeth  in  them  of  the  same  fbcm  and 
site  as  those  in  the  middle  roller,  whose  teeth,- by  taking  into  those  of  tboe 
two  rolters,  turn:*  them  both  rouitd,  The  rough  flax  is  made'np  into  ssnD 
parcels,  which  being  introdticed  betwixt  the  middle  and  upper  roUeis,  pts 
itmnd  the  middle  one;  and  diis  either  having  Tt>ll6rs  placed  on  itvoffwe, 
or  being  enclosed  by  a  curted  boMd  that  turns  the  flax  out  betwixt  tiie 
middle  and  under  rollers,  when  it  is  as^n  put  in  betwixt  the  middle  vai 
upver  one/  round  the  same  eourse^  until  it  be  sufficiently  broken  of  softened, 
aba  prepared  for  the  scotchinj^-machine.  The  bearer  in  which  the  gadgtoo 
of  the  roller  No.  I  turtts,  is  meed  in  the  frame-at  Ct  and  ^tke  gudgeoiu  tT 
die  rollers  Nos.  2  and  3  turn  inr  slideis  that  more  up  or  down  in  groove!  is 
the  frames  SS.  The  under  roller  is  kej>t  up  to  the  middle  one  by  thi 
weights  D  D,  suspended  by  two  ropes  gomg  over  two  sheeves  in  the  frames 
S^S ;  their  other  ends  being  fiistenea  to  a  transverse  bearer  below  the  sliders 
in  which  the  gudgeons  of  the  roller  No.  3  turn.  The  weights  DD  nrast  be 
CXHisideiably  heavier  than  the  under  roller  and  sliders,  in  order  that  its  teetb 
may  be  pressed  in  betwixt  ^e  teeth  of  No.  1,  to  bruise  the  flax  when  pasnog 
Between  the  rollers.  The  whole  weiglit  of  the  roller  No:  2^  presses  on  the 
flax  which  passes  between*  it  and^  No.  1.  -T^re^is  also  a  box  ftradea  the 
upper  edge  of  its  two  sttdeis  to^xmiaia  t^parcel  of  sto«es,-or  InimM  of  tsj 
heavy  meial^  so  that  more  or  less  weif^t  can  be  added  to  the  roUer,  a>  » 
found  necesaary.  O  O  is  the  laige  frame  that  supports  one  eod^of  the  sbift 
which  canies  the  two  wheels  A  B,  and  vertical  axle  F  F ;  on  the  lo««r 
end  of  which  is  fixed  the  pinion  turned  by  the  wheel  B,  and  having  10  teetL 
In  the  axle  F  are  arms  upon  which  the  scotehee  are  fiutaied  with  sciteed 
MtSf  as  seen  at  G  O,  ng*  44i.  TboH.sfotcte  are  enclosed  in^  the  ejrUo- 
drical  box  E  £,  having  in  its  curved  suitace  boles  or  porches  at»  which  <^ 
handful  of  flax  are  held  in,  that  they  may  be  cleaned  hf  the  revolnog 
icot^eis.  HE,  the  faU  or  course  of  the  water ;  II,  the  4^ce,  macluBC 
and  handle  for  raisiag  the  sluice  to  let  the  water  on  the  great  wheel.  '^ 
gudgeons  of  the  axles  should  all  turn  in  cods  or  bushes  of  brass.  K  K«  tbt 
aide- walls  of  the  mill-bouse;  G  G,  doors ;/  I/L,  windows. 

HftTing  proceetied  thus  far,  the  reader  witt  have  hecof» 
acqiiattited  with  the  rarious  modes  of  preparing  flax  fortbe 
operation  of  spinnings  which  ot>eradoti,  from  the  copious 
manner  in  wmch  we  have  treated  of  it  under  the  arUde 
CorroH  MaHufaIctuhb,  requires  but  Uttle  elucidation. 
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About  the  year  1787>  Messrs.  Kendrew  and  Porthoiise,  of 
Darlington,  obtained  a  patent  for  spinning  a  flaxen  thread  bv 
means  of  machinery ;  prior  to  that  time,  we  believe,  the  rock 
and  wheel,  variously  modified^  occasionally  for  superior  spin- 
ners to  form  two  threads  at  once,  were  universally  employed. 
In  Ireland  especially,  even  at  the  present  day,  this  method  is 
much  practised.  'The  flax,  rendered  straight  and  smooth  by 
hackling,  is  wrapped  loosely  round  the  rock,  from  which  it  is 
mdually  drawn  by  the  left  hand,  whilst  the  thumb  und 
K>re-finger  of  the  right,  moistened  with  water,  are  employed 
in  adjusting  the  fibres,  and  directing  the  thread.  A  bobbin 
and  nyer,  placed  upon  a  horizontal  spindle,  serve  to  give  the 
twist,  and  to  take  up  the  finished  thread ;  their  motion  is 
derived  from  a  wheel,  impelled  by  the  foot  through  a  treadle 
and  crank,  by  means  of  an  endless^band  passing  round  a 
pulley  of  much  smaller  diameter^  which  is  fixed  upon  the 
i^incUe. 

The  straigfatiiess  and  smoothness  of  the  fibres  of  flax,  so 
difierent  from  the  corrugation  and  adhesiveness  of  cotton  and 
wool,  with  their  extraordinary  length,  seemed  to  demand  an 
arrangement  in  machine-winning  very  different  from  what 
has  been  alreadv  delineated. 

In  ^  patent  aUiided  to,  the  hackled  flax  was  extended  upon  a  hori- 
xontal  framey  at  fig.  410*,  to  be  carried  between  the  rollers  B  6,  and  ai^er- 
waidt  to  pass  along  with  the  cylinder  C,  (revolving  with  a  velocity  equal 
to  that  of  any  point  of  the  ctrcumferenoe  of  B,)  under  several  successive 
rollers,  until  it  arrived  at  the  drawing-rollers  Del;  the  twist  and  removal 
of  the  thread  than  taking  place  by  the  nyer  and  bobbin,  as  before  described. 
The  rollers  £,  F,  G,  H,  I,  if  of  equal  weights,  will,  on  account  of  their  re- 
spective posttioDS,  press  with  uaeaual  force ;  the  one  resting  upon  the  vertex 
Of  the  cylinder  beiog  evidenUy  the  most  efficacious,  and  with  the  surface 
beneath  acting  probably  the  part  of  a  pair  of  holding-rollers  to  fibres  of  the 
length  of  nearly  one-fourth  of  the  ctreamfefence;  whilst  for  fibres  which  are 
longer  or  shoiter,  the  other  rollers,  according  to  their  place,  will  answer  the 
same  porpose.  in  this,  however,  there  is  no  new  pnnciple ;  and  although 
modified,  it  amounts  merely  to  the  operation  of  holding  and  drawing  rollers. 
From  some  impediments  throvm  in  the  way  of  the  Scotch  flax-spinners  by 
the  patentees  before  mentioned,  they  began,  we  believe,  in  no  long  time,  to 
place  their  rollers  in  a  straight  line,  at  distances  suitable  to  the  length  of 
the  fibres.  Of  tiie  excellence  of  this  arrangement  a  working  model  made 
for  the  Andersooiaa  Institution  in  Glasgow,  in  the  year  1803,  aflbrded 
softcient  evidence. 

We  shall  now  proceed  to  give  a  description  of  a  patent, 
obtwned,  in  the  year  1806,  by  Messrs.  Clarke  and  Bugby, 
for  effecting  certain  improvements  in  a  machine,  intended  to 
be  worked  by  hand-labour^  for  the  spinning  of  hemp,  flax, 
tow,  and  wool. 

Fig.  445  represents  an  dblique  view  of  the  front  of  a  frame  containing 
ten  spindles,  (but  frames  may  ooncain  an  indefinite  number  of  spindles.)  At 
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the  fpindle  or  a  bow  passing  throaf^  the  whole  finaM,  haTins  tea  bono  of 

brass  or  cut-iron  thereon,  each  about  four  inches  diameter,  eauSk  boss  amplj- 

ing  one  spindle ;  B,  a  pinion  of  twelve  leaves  npon  the  end  of  the  snodle  A, 

connected  with  the  wheel  C,  of  eifffaty  teeth,  fixed  upon  the  end  <x  a  smU 

iron  spindle  F,  covered  with  wood  and  extending  thioo^  the  whole  frame; 

D,  a  slack  or  intermediate  pinion  of  any  size  at  discretion,  coapectsd  with 

another  similar  pinion,  the  latter  connected  with  a  wheel  of  120  teeth, 

which  is  fixed  upon  an  iron  spindle  G,  of  about  If  inch  diameter,  md 

extending  through  the  whole  frame;  but  the  wheels  B  C  D  and  B  msj be 

varied  in  their  numbers,  to  increase  or  diminish  the  draught  of  the  soh- 

stance  operated  upon,  as  may  best  suit  iu  <piahlT  or  the  ideas  of  the  workaaiL 

The  pinion  B  is  so  contrived  as  to  slip  off  the  end  of  the  spindle  A,  to 

make  room  for  a  smaller  or  lai^r  one ;  by  means  whereof  alacgte  or  ahcRter 

thread  may  be  spun  from  the  same  sized  rovtncs;  ««««a#4i«i««  repl^ 

sent  ten  roved  suvers  of  hemp,  flax,  tow,  or  woo),  passing  between  the  nw 

spindle  C  and  rollers  in  pairs  pressed  against  them  by  springs  or  weighti; 

these  springs  or  weights  must  be  of  sufficient  force  to  hold  back  the  slifes 

or  rovings  so  aecuruy,  that  they  may  only  pass  on  with  the  movement  of 

the  spindle ;  these  pairs  of  pressing  rollers  are  placed  behind  the  spindle. 

The  use  of  the  small  iron  spindle  F,  covered  inth  vrood,  and  left  nther 

laiger  than  the  spindle  G,  is,  with  pressure  of  the  small  wood  roller,  mtk 

up  in  pairs  bbhh^  and  so  contrived  timt  each  pair  may  roll  npon  two 

slivers,  to  bring  them  down  straisht,  and  preserve  the  twist  which  th^ 

receive  in  the  roving*machine  till  tne  slivers  leave  diem.    The  bosses  oathi 

spindle  A  have  likewise  wooden  rollers  in  pairs  pressed  against  them  \if 

springs  or  weights,  between  which  the  drawn,  lengthened,  or  extended  slhreo 

pass  to  the  spindle,  the  rollers  having  eadi  a  tin  conductor  eeecetcettf 

to  bring  the  material  under  operation  as  centrically  as  possible  betvreea  the 

wood  rollers  and  the  bosses;  but  fedl  the  aboveH&oitfoned  parts  oltke 

machine  is  so  similar  to  the  eommoli  upright  frames  for  spinninff  fla^a  jj^t 

a  person  conversant  with  them  will  not  be  at  a  losr  to  make  it  s&. .  Usa 

wheel  of  wood  four  feet  in  diameter,  having  its  rim  about  two  iiM,liiiii8|i, 

with  a  groove  in  its  periphery  for  a  small  cord  or  band.    In  its  cioatpk* 

rule  or  stock  of  wood  through  whidi  the  spindle  I  passes,  and  extendi  )it» 

its  frame  about  one-fourth  of  its  kn!jlb.    To  enable  the  person  that.lilH 

the  winch  to  reach  all  the  sptndlea  at  work,  with  i^w  hsmd  libat  llMBt 

engaged  in  tumine,  to  remove  any  obstacle  that  may  aiise  to  the  ^Mflp^ 

the  arbor  or  spindle  of  the  wheel  I  has  its  bearing  on  the  sides  otfkitMfHt 

that  contains  it,  marked  LLL  L;  this  fmme^  with  thf  urhe^I  U^  theaM'It 

and  the  winch  R,  is  similar  to  that  part  of  a  tnachiae  caUed  a  mull  jnyy» 


used  for  spinning  cotton  ;  this  frame  is  supported  in  n  honxonti^  jiaiiHsB 
at  the  outer  end  hy  two  legs  marked  M  M,  and  a  screw  pio  whidli  pssMi 
through  K,  the  front  uprigbt,  a  A,  fi^.  444,  and  made  tight  with  ibetauih- 


screw  a;  the  screw  passes  through  a  groove  or  morthe  at  the  end  ff  Ik 
wheel  frame,  to  enable  the  workman  to  adjust  the  wbeets  N  aiid  O,  as  it 
will  be  found  necessary  to  chang:e  the  wheel  N,  to  make  such  mltKftioa  h 
the  twist  as  die  siae  of  die  yarn  may  requiret  or  as  the  workman  nsvthiBk 
proper.  P  and  Q  are  bevel  ivhcels  of  equal  siie,  the  former  fared  upas 
the  rule  or  stodc  of  the  whMl  11 »  and  connected  with  Q  upn  the  ipindle  1» 
taking  round  with  it  the  whet)  N,  which  is  cotm^H^ted  with  the  wheel  0. 
Upon  the  embossed  spindle  or  arbor  Af a^aaaavauoj  are  qnndki 
standing  on  a  carnage  with  four  wheeb^  similar  to  the  t^rn^^m  used  is 
mule-jennies  for  spinning  cotton^  hmving  at  eac^h  of  tliem^  \idddd4iddiit 
a  convex  seat  of  wood  of  any  convenient  m^j  not  le^  than  the  bottoes  d 
the  bobbins  or  quillae  eeeeeee  ftf/  these  bobbins  or  quiDs  are  about  sis 
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t  long  and  H  iadi  diuMUr  at  the  bottom,  and  thrae-qoarten  of  an 
iiameter  at  the  top ;  but  the  sizes  must  be  varied  according  to  the 
aize  of  the  yam.  Perhaps  ibur  or  ftre  Tariations  will  be  sufficient  to  spin 
yam  fior  tarpaulins  or  sail-doth,  np  to  fine  yam  fit  fi>r  good  dowlas  and 
tee  stockings.  T  a  pulley,  oreridnoh  a  band,  from  S,  runs  and  returns,  to 
4mkw  oiA  the  carriage  upon  the  four  wheels  destidbed;  W,  the  cylinder 
wbk^  drires  the  spindles. 

Fiff .  444  exhibits  a  side  view.  A,  the  wheel  mentioned  above  in  fi^.  445, 
and  Uiere  marked  H;  B,  the  winch  bywhidiit  is  turned  by  hand;  CCCC, 
tlie  frame  wherein  it  worics;  D  and  £  are  blocks  of  wood  on  each  side  of 
the  said  ftame  to  raise  the  wheel,  so  that  the  winch  may  be  dear  of  the 
caniage  FF,  and  apparatus  GG;  the  two  end  wheels  upon  the  carriage 
•containing  the  spindles  having  two  more  corresponding  on  the  opposite 
aide  tlieKot  H,  a  grootre  lupn  the  end  of  a  -cylinder,  which  drives  the 
apiadles,  and  stretches  thro4a  the  carriage  frame,  for  the  diameter  of 
whidi  no  certain  rule  can  be  laid  down,  as  it  depends  upon  the  length  or 
ane  of  the  yam,  taken  into  account  with  the  other  parts  of  the  machinery. 
NNNN]lNN,asma]l  band  passing  over  the  wheels  A  &,  H I L  and  M, 
by  which  the  groove  whed  H  and  its  cylinder  are  moved,  and  the  simHUes 
driven.  O  a  treadle  shaft,  lepresented  by  S^  in  fig.  445,  passing  tnrough 
iIm  frame  or  part  thereof  at  tne  option  of  the  workman,  connected  with  a 
tumbler  at  the  end  of  the  embossed  spindle  or  arbor  A,  in  fig.  445,  by  a 
•mall  band,  wound  five  or  six  times  rcmnd  each  of  them,  and  passing  over 
the  wood  groove  whed  Q,  and  made  fast  to  the  back  of  the  carriage  FF^ 
thia  tumbler,  by  the  motion  of  A,  is,ait  the  return  of  the  carriage,  locked 
to  the  wheel  R;  and  unlocked  when  the  carriage  is  not  to  its  destined  place. 

Hie  carriage  is  drawn  <m  Inrlhe  wdgfat  of  6  fiisteaed  to  a  cord,  which 
pasaes  over  the  groove  wheel  T,  and  js  connected  with  the  firont  of  the  ca^ 
riage;  U,  the  wl^d  on  the  arbor  containing vtbe  bolder  shown  in  fig.  445. 
V,  the  cylindricd  roller  on  a  stirt  fixed  therein,  and  roUiaff  at  everv  return 
of  the  cvriage  on  the  plane  W  and  X,  which  raises  and  faBs  the  fallers  and 
liolden,  so  as  to  distrioute  the  yam  upon  the  bobbins  firom  top  to  bottomj 
ihe  wheds  YZ,  A  3,  and  B2,  are  the  same  wheels  shown  by  6,£V  A  *ad 
^  in  fig.  445 ;  1,  3,  Sec  speols  oontaiuiog  the  rovinga. 

This  machiDery  is  calculated  to  sa;ire  the  heary  expense  cS 
•corrents  of  water,  erecting  spacious  buildingSi  waterworics, 
«te»DD-eiigine,  &c.  and  to  spin  hemp,  flax,  tow,  and  wool,  at 
such  an  enm  expoise,  as  to  bring  it  within  the  reach  of 
^small  manuraotones.  This  machkiery  is  also  constructed 
upon  such  safe  and  simple  principles,  that  no  length  of 
4xperiaice  is  neoessary  to  enia>le  even  children  to  work  it  | 
and  the  use  of  water,  steam,  &c.  being  rendered  unnecessary, 
it  occupies  so  little  space,  that  it  mav  be  placed  in  smidl 
looms,  out-buildings,  or  other  cheap  places.  To  efiect  the 
aknre  purpose,  it  was  necessary  to  get  nd  of  the  lanier  or  fljrer 
upon  die  spindle  used  in  the  old  machinery  for  spinning 
hemp  and  flax,  which  requires  a^^wer  in  proportion  m 
5  to  1,  and  to  surmount  the  difficulty  that  arose  from  the 
want  of  elastidty  in  these  substances.  This  want  of  elasti- 
city m  the  substance  to  be  operated  upon,  is  compensated 
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and  provided  for  in  this  machineiy ;  and  npoh  this  < 
tion  and  provision^  ^ected  by  the  various  means  hoeafter 
mentioned  the  return  of  the  carriage  without  any  assistance 
firom  the  woric-person^  and  the  traverse  for  distributing  the 
yam  upon  the  bobbins  or  quills^  lay  the  stress  upon  the 
patent  The  most  simple  mode  of  compensating  the  want 
of  elasticity,  and  which  is  recommended  in  preference  to  the 
other,  is  that  of  having  a  holder  of  large  wire  for  evexy 
spindle  fixed  in  an  arbor  or  shaft  extending  from  one  end  of 
the  carriage  to  the  other. 

This  arbor  or  shaft,  with  the  holders,  mogr  be  oooeidered  as  a  laige  aad 


fmprored  substitute  for  what  is  called  a  hm  in  the  mul»jeiuMs  for  mmb- 
ninff  cotton,  fig.  443.  Let  A  represent  the  arbor  or  shaft,  ^^^^  A  ^^M^ 
the  holden  tixed  therein  with  the  dliptical  ejes,  through  each  of  which  a 
thread  passes  from  the  bosses  on  the  arbor  A,  in  fig.  445,  to  its  spiadk. 
B,  a  spindle,  which  may  be  firom  10  to  13  inches  lo»g.  C,  the  whid, 
wherein  a  small  worsted  band  from  the  cylinder  U,  fig.  444,  works  D,  a 
convex  seat  upon  tiie  spindle,  whereon  the  concaTe  bottom  of  the  bobbin  « 
quill  £  rests. 

F,  a  piece  of  bufblo  skin  or  metal  screwed  or  nailed  to  the  rail  I»  hafiiii 
a  hole  m  it,  throiu^fa  which  the  spindle  passes,  and  by  whidi  it  is  kept 
steadjT ;  G,  a  wire  bent  at  right  angles  at  a,  and  the  bait  part  driven  iaio 
the  rail  A,  so  Aat  it  may  be  vemored  tb  or  from  the  whin  C,  and  t^  lbs 
other  croc^  6,  prevent  tile  spindle  fimn  ruraiing  out  of  its  step  H,  which  is 
a  screw  of  brass  or  odier  metal  paising  through  the  rail  K.    The  wire  of 
whidi  the  holder  is  made,  after  forming  &e  eUifiical  eye,  is  left  or  cztendsd 
beyond  the  uppermost  part  at «,  that  the  yarn  may  be  conveniently  sii|]ped 
in  when  occamon  may  require  it ;  these  holders  for  each  thread  are  for  tht 
purposes  of  keeping  the  yam  in  a  state  nearly  vertical  over  the  tops  of  the 
spindles  vrhen  the  carnage  which  contains  tiiem  is  coming  out,  and  being  n* 
leased  from  that  situation  at  the  beginning  of  die  carriage's  return,  and  thrava 
into  nearly  a  horizontal  position,  so  as  to  bring  the  yam  below  the  top  ol 
the  bobbins  or  quills  upon  the  spindles ;  and  then  being  curved  and  med 
again  by  the  wheel  U,  and  its  cylindrical  roller  moving  upon  the  plane  W 
and  X,  fig.  444,  distributes  the  yam  upon  the  bobbins  or  quiUs,  and  pie- 
vents  it  firom  cockling,  hinkHng,  or  improperly  doubling  or  twisting  toj^tW 
The  seats  upon  the  spindles  described  by  D,  are  turned  convex,  a^  the 
jbottoms  of  tne  bobbins  and  the  bottoms  of  the  quills  concave,  to  keep  the 
bobbins  or  quills  in  a  more  central  state  upon  the  seaU.    The  concavi^  df 
the  bobbins  or  ouills  exceeding  the  convexity,  thr«»ii^  the  weight  of  dtt 
bobbins  or  quills  upon  the  peripheries  or  extremities  of  the  stats,  sod 
ensures  the  rotary  motions  of  the  bobbins  or  quills  yrith  that  of  their 
;^ndles.    We  prefer  the  convex  and  poncave  surfaces  before  descnbed; 
]but  other  suriaces  will  have  nearly  the  same  efiiect,  if  so  contrived  (as  tfaejr 
easily  may  be)  to  bear  upon  the  peripheries  or  extremities  of  the  seats  as  weU 
«s  of  the  bobbins  or  auiUs.    The  hole  through  the  bobbin  or  quiJl,  fig.  44C, 
is  ralher  larger  than  the  ypuidle,  that  it  may  not  be  ohnmct^  in  its  motioa 
rcund  the  spindle,  which  Amotion  takes  place  at  every  return  of  the  carriage^ 
and  as  pften  as  any  thing  obstructs  tne  coming  mrward  of  the  sliver  of 
,  which  the  jram  is  farmed.    At  one  end  of  the  arbor  whereon  the  boUen 
0ft  fixed  is  a  eounttrpoist  L,  fig.  443,  having  ato^het,  and  roadeftet; 
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ttt  vbor  hf  a  Ifanmb-aciew  m^  the  round  ball  at  Ike  top  being  led  t«k. 
couBlerbalanoe  the  holders.  This  oounterpoiBe,  when  the  holders  are  in  a 
irerticai  state,  declines  abont  10  or  15  aegrees  towards  the  horizoD,  but 
when  the  holders  are  thrown  down,  and  under  the  government  of  the  cylin- 
drical roller  V,  upon  the  wheel  U,  is  in  a  different  situation ;  but  the  roller 
Vy  airiviiig  at  B  3,  ft^.  444,  on  the  return  of  the  carriage,  the  holders  are 
iveoi{Mtated  to  a  heu^ht  where  the  counterpoise  overbalances  them,  and 
locks  the  wheel  M,  ng.  443,  or  U,  in  fig.  444,  in  the  ratchet  n,  where  it 
remains  until  the  carriage  has  reached  its  destined  place,  where  the  tail  of 
the  catch  O  strikes  against  a  pin  in  the  frame  C  C  C  C,  fig.  444,  and 
releases  it,  the  said  roller  then  resting  upon  the  frame  U  X.  A  second 
tnethod  of  compensating  and  providing  for  the  want  of  elasticity  in  hemp 
and  flax,  whien  is  a  part  of  the  discovery,  is,  to  fix  a  round  bar  of  wood, 
about  ti  fflch  in  diameter,  the  whole  lengUi  of  the  carriage,  about  three  or 
four  inches  above  the  tops  of  the  spindles,  so  that  the  outer  surftiee,  or  that 
next  the  work-person,  may  be  perpendicularly,  or  nearly  so,  oVer  the  topt 
ot  the  spindles,  the  inner  side  havmg  pieces  of  wood  or  metal  nailed  or 
odieiwiae  fixed  thereto,  leaving  omy  small  spaces  betwe^i  each  for  the 
jram  to  pass  through ;  the  use  of  these  pieces  is  to  prevent  the  threads 
getting  together  and  entangling,  see  fig.  447.  A  A  A  A  represents  a  com« 
mon  oiler  used  in  the  mulejennies  for  spinning  cotton  with  counterpoise  B, 
wrhed  C  widi  its  cylindrical  rdler  D,  with  the  plane  W  and  X,-befofa 
deieift€dbyfigs.445,444,and443.  ££,  spindles  with  th^  whiris,  con- 
v«x  seatSy  bobbins  or  quills,  with  their  concave  bottoms,  FFFFFFFFFF 
ihe  pieces  of  wood  or  metal,  nailed  or  otl^erwise  &stened  to  the  round  piece 
of  wood,  to  prevent  the  thread  getting  together.  In  dns  case  every  thing 
applied  to  or  used  with  die  aibor,  oontaining  die  holden  above  meBtioned» 
nm  be  applied  or  used. 

A  dihn  method  of  compensating  the  want  of  elasticity  in  hemp  and  flax, 
vriikhthe  patentees  describe  as' a  part  of  their  contrivance,  invention,  and 
discovery,  is  the  fixing  eadi  spindle  in  a  small  firame  A  A,  fig.  448; 
ht  a  step  of  brass ;  C,  a  common  made  spindle,  with  its  whirl  D ;  £  and  F 
two  stilts  of  iron  fixed  one  on  eadi  side  of  the  Irame  A  A,  equally  in  a  line 
widi  die  groove  in  the  whirl  D,  and  movina  in  h6i»a  in  two  cheeks  gg^ 
fitftened  into  the  rail  H,  on  the  small  frame  A  A.  On  the  back  side  thereof 
next  to  the  cylinder,  is  a  small  roller,  moving  on  two  pilots,  so  planted, 
tlat  when  the  spindle  is  in  an  upright  position,  the  band  from  the  cylinder 
whkh  drives  it  may  just  run  free  of  it,  and  as  the  spindle  firame,  A  A,  is 
kept  to  the  rail  I  by  a  tender  spring  made  of  wire,  wound  round  a  pin 
about  half  an  inch  in  diameter,  that  the  spindle  may  yield  to  the  yam  in  aH 
cases  when  necessary,  the  said  roller  is  to  prevent  the  band  which  drives 
the  spindle  out  of  the  whiri,  when  the  spindle  leaves  its  vertical  position. 

Fig.  449,  a  side  view  of  the  little  frame  in  fi^.  448;  A  the  frame,  B  the 
spin^e,  C  the  whirl .  therein,  D  the  end  of  the  roller  and  one  of  its 
sopporters.  This  apparatus  requires  the  fiiUer  last  mentioned  and  described 
fay  Dg.  447,  with  its  appendages  for  laying  the  yam  upon  the  spindles,  no 
seat  on  the  spindle  or  bobbin  in  this  case  being  wanted,  nor  any  more 
than  a  thin  piece  of  paper,  or  something  thin,  round  the  spindle,  to  enable 
dM  spiimer  to  take  the  yam  oif  with  safety  and  care.  A  fourth  and 
last-BieBtioned  mode  of  compensating  and  providing  for  the  want  of  elasti- 
cilrin  hemp  and  flax,  and  preventing  breakages  and  other  accidents  from  any 
tightness  in  the  yam,  occasioned  by  any  obstraction  or  other  circumstance, 
and  whidi  is  part  of  this  invention  and  discovery,  is,  by  driving  the  com- 
■aott  mole^iidle  with  a  slack  band,  having  the  yam  to  pass  over  the 
I  described  in  fig.  443«  or  qver  the  ^ound  bar  dcsciibea.  in  fig.  447« 
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with  all  the  other  apptrattui  for  laying  the  yam  upoR  the  •t|bte|l». 
This  last  method  cannot  be  used  to  advantage  in  any  case,  out  ouQfbt 
substituted  for  either  of  the  three  methods  described  above  €v  spisAio^ 
yam  for  sail  cloths,  sackings,  tarpaulins,  or  other  coarse  or  heavj  goods. 


WEAVING. 

In  the  preceding  articles,  cotton,  wod^  silk,  and  flax,  we 
have  traced  the  process  of  formhig  th^s  four  commonest  fibfoas 
materials  to  the  state  of  thread  or  yam,  and  now  purpose, 
in  general  terms,  to  treat  of  their  further  destination  in  the 
formation  of  the  various  superficial  structures  termed  web  or 
cloth. 

The  structures  which  come  troder  the  name  of  doth  tie 
formed  of  two  distinct  layers  of  yams,  generally  crossing  each 
other  at  right  angles,  termed  the  warp,  and  the  woof  or  weft; 
and  as  all  cloths,  however  varied,  are  oonstracted  of  theie 
two  distinct  portions  of  threads,  the  mind  wiU,  when  made 
to  comprehend  the  mode  and  form  of  loom  used  in  the  weaf- 
ing  of  one  material,  be  able  easily  to  conceive  its  application 
to  other  sorts,  varying  only  in  dimensions  and  streofth, 
according  as  the  weight  of  the  yam  or  sise  of  the  cloth  mqr 
demand. 

Prior  to  commencing  the  weaving  of  any  material,  it  b 
necessary  to  prepare  the  vara  for  the  loom,  one  process  of 
which  preparation  is,  in  met,  the  measuring  and  arrangiog 
the  threads  that  are  to  compose  the  warp  in  a  parallel  duec- 
tion,  termed  warping* 

The  warp,  or  that  layer  of  threads  which  extends  the  length 
of  the  piece  to  be  woven,  requires  the  most  attention  in  the 
preparation.  To  form  a  warp,  it  is  necessary  to  be  nxj 
particular  in  the  number  and  quality  of  the  yams ;  for  upon 
their  fineness,  length,  and  breadth,  depend  the  fineness, 
length,  and  breadth  at  the  piece  to  be  woven.  Though  tiss 
may  appear  a  very  simple  operation,  jret,  the  perfonning  of 
it  with  expedition  and  accuracy  demands  some  mechamcal 
skill.  The  machine  fi>r  effeotinff  this  object  is  termed  the 
warping-mill,  and,  thoiu^h  considerably  laq^^  may  be  com- 
pared to  the  reel  described  in  the  oottcm  manufacture;  bat 
the  spindle  upon  iiridch  it  revolves  is  placed  perpendicuhiif. 
The  reel  cannot  easily  be  made  of  such  dunensions  thata 
thread  measiucd  upon  its  circumference  shall  be  equal  to  the 
required  lengtii  of  the  warp ;  and  bimsequendy  the  layer  of 
yams  u  fda^  in  a  dfafwtion  parallel  to  the  axb  of  Qm  wti. 
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and  womid  tipon  it  in  a  nplrtl  direction  till  thev  arrive  at  th# 
upper  end,  4nen  the  motions  of  the  mill  and  the  yams  are 
reversed,  and  a  fresh  layer  is  placed  upon  the  same  parts  of 
the  reel.  By  this  method  of  plyinc  the  layers  of  yam,  it  is 
obrions,  that  a  small  number  of  ends  may  be  doubled  so  as 
to  form  the  required  breadth  of  the  warp.  If  the  twist  is 
spun  on  cops,  it  must,  prior  to  warping,  be  wound  on  bobbins, 
wliieh  bobbins  are  placed  in  a  fiame  to.be  wound  off  upon 
the  warping-mill. 

The  next  operation  to  be  efiected  in  the  manu&cture  of 
cott«n  goods  IS  that  of  dressing  the  warp ;  that  is,  impreg- 
nating it  with  certain  gummy  or  gelatinous  matter,and  coating 
die  surCsce  of  the  yams,  to  emble  the  warp  to  sustain  the 
abrasion  to  which  it  is  subjected  in  the  process  o(  wearing, 
as  will  be  seen  when  that  process  is  descnbed.  In  preparing 
the  wool  and  silk  yams  for  the  looms,  dressing  is  m  geuenu 
only  required  for  the  finest  sort,  when  a  little  mucOage  of 
pfum  arable,  or  of  jelly  made  from  rabbit  or  other  li§^t  skins, 
IS  used  to  increase  in  a  slight  degree  the  tenadty. 

As  it  is  of  considerable  miportance  in  the  dressing  of  warps 
to  have  the  materials  diroersed  equally  over  the  sur£aces, 
many  ingenious  mechanics  have  constructed  madiines  for  that 
purpose ;  the  general  principle  of  which  are  the  placing  of 
the  warp  on  a  roller,  and  immersing  it  in  the  mucilage, 
which  aUows  it  to  be  drawn  off  covered  with  mucilaginous 
matter.  The  superfluous  mucilage  is  brushed  oS,  and  the 
yarn  is  put  in  a  frame,  and  by  means  o(  revolving  fans  is 
dried  and  rendered  fit  to  be  put  in  the  loom.  In  cases 
where  the  manufacturer  operates  separately,  the  weaver 
dresses  the  warp,  by  extendmg  and  carefully  brushing  it  over 
with  paste,  and  drying  it  in  the  air,  prior  to  placing  it  in  the 
loom. 

Before  we  proceed  to  give  a  description  of  the  looms  used 
in  the  manumcture  of  cloth,  it  is  requisite  that  the  reader 
should  be  acquainted  with  the  various  sorts  of  structure  arising 
from  the  diflferent  dispositions  of  the  warp  ai\d  weft,  termed 
&bric. 

The  simplest  mode  of  disposing  ci  the  warp  and  weft  is 
caBed  common  f&bric;  and  taking  into  account  the  quantity 
of  vam  used  for  a  given  superficies  of  doth,  is  certainly, 
sonur  as  zenects  its  strength  and  durability,  the  most  advan- 
tageous mo«  of  distributing  tt. 

Fig.  412  is  a  section  of  a  piece  of  doth  wore  in  the  common  fiMc. 
The  circles  represent  the  warp  in  section,  and  the  weft  is  seen  passing 
altematelj  ahore  and  below  eacn  succeeding  yam,  and  the  retam,  or  next 
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Uytr  ofwefty  ptan^  beneath  tiioM  thfesds  OTV  triikli  U  M  {^^ 
axid  vice  versa. 

Fig.  413  represents  a  section  of  a  piece  of  doth  wove  to  a  twilkd 
pattern.  In  itas  die  yam  of  the  weft  passes  altematcly  onr  four  and 
tmder  one  of  the  threads  of  the  warp,' and  vice  vend  in  its  rsmrm. 

Fig.  414  represents  the  section  of  a  dimity  or  kersejrmevey  in  which  iha 
weft  passes  over  four  and  under  four,  then  o?er  one  and  under  four,  and 
orer  tour  and  under  one,  which  places  it  in  a  position  to  begin  again;  ^faen 
thepa^sage  of  the  weft,  as  it  regards  the  warp,  is  exactly  rerecsed. 

Fig.  415  shows  the  construction  of  a  double  doth  woven  with  two  w«pL 
Xhjs  mode  of  weaving  is  mostly  appued'to  the  coustructiofi  of  carafBls,  ud 
the  transposition  of  the  colours  in  tne  pattern  arises  from  it  All  the  diveis 
modes  ot  passing  the  weft  amone  the  warp  may  be  introduced  in  this 
fi^re,  and  whatever  is  effected  wim  one  web  of  warp  is  alternately  eftdcd 
with  ihe  odier,  as  may  be  seen  by  the-igure.  It  is  therefore  easy  ts 
conceive,  that  all  the  various  patterns  in  woven  goods  are  obtained  bj 
^fferently  disposing  t^  the  warp,  that  is,  lifting  a  greater  or  smaller  quaa* 
tity  of  it  at  a  time,  which  places  the  weft  on  either  sur&ce  of  the  dtitUkti 
pleasure. 

The  common  loom,  or  that  which  is  destined  to  weave  do6i  of  the 
common  fabric,  is  the  most  simple  in  its  construction,  aa.  the jonode  of  liftii| 
and  depiessing  die  portions  ofT  the  warp  are  similar  at  eadi  throw  of  tbe 
shuttle.    A  top  view  of  a  loom  Of  this  description  is  given  in  fig.  416. 

A  is  a  vrarp. 

B  a  roller  upon  vrhich  die  lirarp  is  vround,  called  the  yarn-beam,  aad 
applied  to  maint^  Ae  vrarp  in  a  stretched  position  by  means  of  a  lew  , 
passing  throragh  one  of  its  ends  and  tightened  with  a  string,  as  will  be 
more  dearly  understood  by  referring  to  the  perpendicular  section  at  No.  2 
of  this  figure. 

C  C  C  are  rods  placed  between  the  threads  of  the  vrarp  to  keep  then 
separate,  so  that  they  may  pass  forvriard  dear  of  eadi  other,  when  tki 
warp  is  fed  fonrard  and  filtod  vrith  the  weft,  these  rods  are  at  difiocst 
petsods-movod  towards  the  vrarprfoller  B. 

At  D  are  the  heald  or  heddles,  formed  of  two  rods,  one  above  and  the 
other  below  the  piece,  and  connected  together  by  numerous  striags, 
through  which  distinct  portions  of  the  warp  pass,  and  by  meaju  of  the 
treadles  bdow  are  lifted  and  depressed.  A  detached  view  of  two  leaves  o{ 
a  heddle  is  rqiresented  in  section  in  fig.  417. 

a  0,  a*  a*,  are  the  top  and  bottom  ws,  and  the  two  lines  tfi  tf*  represept 
two  adjacent  vams  of  the  warp,  so  that  when  a  a  rises  it  carries  widi  H 
one  thread,  while  the  other  thread  which  is  passed  through  the  lovrer  loop 
of  this  heddle  is  depressed  by  tt«  other  heddles.  The  next  part,  £,  fig.  41^ 
b  aframe  to  carry  the  reed,  called  the  lay.  A  portion  of  the  reed  is  shown 
detadied  in  fig.  418.  It  is,  except  when  used  in  cloth  of  the  coaisctf 
description,  formed  of  flatted  wires,  placed  parallel  to  each  other,  vA 
{governed,  as  to  their  thickness  and  adjacency,  oy  the  fineness  of  the  fiihiic 
in  which  they  are  to  be  used.  ,  , 

The  lay,  fig.  416,  ^hich  carries  the.r^sd^Js.hMng.ft^m.&bai  filf^W  rf 
vibrating  jon  gudgeons  in  the  upper  frame  of  the  loom.  Tfajej  fpiq  pa 
elastic  pieces  of  wood  which  suspend  the  lay  are  called  swords,  aa4  wi  ^ 
seen  at  F',  F*,  fig.  419.  The  reed  thus  hung  is  just  beyond  thettaf  of  th* 
shuttle-flight,  and  has  one  or  two  threads  of  the  vrarp  jpassed  betfrNQ  ¥^ 
of  its  wires,  which  wires  are  termed  dents.  Its  use  is  to  strike  hone-ifc' 
thread  of  the  weft  immediately  s^er  it  has  been  deli^red  by  the  flight  d 
the  shi)ttle;  it  is  therefore  pushed  by  the  weaver  towards  the  yam-besa» 
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^€>r  to  each  fligbl  of  the  shiltley  and  when  the  weft  has  heen  deliYcredy  it 
IS  allowed  to  retuni  and  strike  home  that  individual  diread. 

The  next  part  of  the  loom  is  die  shuttle-bozesy  which  are  placed  at  F^  F. 
In  wearing  narrow  goods,  the  shnttle  is  passed  between  the  waxp  by  the 
hands  of  the  wearer,  bot  when  the  dodi  is  Bne,  or  of  a  breadth  to  preclnde 
this  mode,  the  fly-shuttle,  which  is  much  more  oompact,  and  has  a  spindle 
to  carry  a copupon  it,  is  introdnoed.  This  ibrm  m  shuttle  is  represented 
in  ^.  420.  The  shuttle  with  its  cop  is  placed  in  the  shuttle*box,  which  i^ 
of  dimensions  just  sufficient  to  recetre  it.  In  fig.  419  is  rej^esented  the 
reed  and  lay  at  F^  F*.  The  shuttle  is  dri?en  to  the  opposite  boxes  by 
means  of  a  small  piece  of  wood,  called  a  driver,  which  lies  behind  the 
shnttle  in  each  box,  a^  is-  capable  of  b^ng  swifUy  drawn  forward  by  a 
string  attadied  to  il,  and  connected  with  a  handle,  G.  The  weaver  holds 
the  handle  in  his  hand,  and  by  a  jerk  throws  the  shuttle  across  the  web 
into  the  opposite  box,  and  then,  by  bringing  the  lay  towards  him,  strikes 
home  the  weft.  The  flight  id  the  shuttle  requires  adjustment  or  skill,  as 
its  impetus  must  be  proportioned  to  the  wek^t  of  the  yam  which  it  carries, 
and  the  freedom  with  wnich  the  cop  unwin&. 

If  two  or  three  colours  of  weft  are  to  be  put  into  a  piece,  so  as  to  form  a 
pattern,  there  are  two  or  three  shuttles  to  be  thrown;  in  such  case,  the 
sbattle-boates  are  formed  in  three  parts,  as  represented  by  the  dotted  lines. 
This  combination  of  shuttle-boxes  is  capable  of  being  moved  upwards  and 
downwards  upon  the  lay  by  the  small  levers,  H,  H,  fixed  upon  the  swords, 
and  worked  by  the  handle  I,  so  that  the  shuttle  to  be  thrown  may  be 
broogbt  opposite  to  the  division  in  the  warp  throu^  which  it  is  to  fly. 

As  the  aoth  is  perfected,  it  is  led  over  the  breast-beam  K,  fig.  415,  and 
is,  by  means  of  a  ratchet  wheel,  wound  upon  the  roller  L,  whi(£  is  termed 
the  doth-beam.  At  m  is  a  stretching-rod,  formed  of  two  pieces,  and  lashed 
with  a  piece  of  band,  in  such  manner,  that  the  ends  are  forced  outwards, 
as  mav  oe  seen  in  the  figure.  This  rod  has  small  points  at  each  end,  which 
pass  through  the  selvage  of  the  cloth,  and  serve  to  keep  the  cloth  stretched, 
as  otherwise  the  action  of  Che  weft  weuld  occasiott  it  to  pudser  and  lay  in 
hoQows.  The  weaver  sits  behind  ^  breast-beam,  and  in  fine  work, 
where  the  breast-beam  b  dispensed  vrith,  behind  ik»  cloth-roller. 

Such  is  the  amstmction  of  loom  used  in  plain-weaving; 
and  by  examining  it  attentively  it  will  be  seen,  that  bv  an 
additional  n\miber  of  heddlea  any  required  movements  of  the 
warp  can  be  effected,  and  by  varieties  of  weft  other  diversifi- 
cations attained  ahnost  to  infinity.  The  greatest  skfll  required 
in  the  act  <yf  weaving  by  hand  is  the  directing  of  the  ^ht  of 
the  diutde,  where  the  impetus  ^en  shouM  just  suffice  to 
deliver  it  in  the  opposite  dox.  The  striking  home  of  the 
weft  should  be  done  with  a  regular  fiorce^  and  we  preparatory 
opetations  carefully  attended  to^  that  tlue  warp  may  wind  cm 
me\j  and  regularly  with  an  eqiud  tension  in  all  its  parts. 

Ftom.  an  examination  of  the  movements  at  so  simple  a 
machine  as  the  loom,  the  medianist  will  instai^y  i^mc^ve* 
the  practicability  of  applying  power  to  produce  the  necessary 
movem^ts ;  we  shall,  therefore,  present  the  reader  with  two, 
combinations  of  this  class  whica  are  called  power-looms: 
Ae  first  inverted  by  a  Mr.  Afillar. 
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Fig.  4S1  iepitMiittaMcHoaofapowei4o(Niymwbidi8ai  theopoatioK 
are  effected  hj  means  of  traadlet,  moved  by  wipers  or  eccentrics. 

A,  the  main  shaft,  to  which  the  power  is  communicated,  canying  the 
wipers,  one  of  which  is  seen  at  A«  AS  the  yan-boam ;  B|  thrae  leUcis,  oe 
the  lower  of  which  the  dodi  is  woond  after  paasiiig  above  and  between  the 
two  upper  ones;  C,C>  the  heddles;D,I>,  thotmiudles,  to  which  the  beddks 
%te  attached  by  means  of  a  tine  patting  ofver  apuUey,  in  such  manner  that 
tne  depression  of  one  heddle  occasions  the  laisine  of  the  other ;  £,  1^  die 
lay  carrying  the  reed ;  the  motion  k  given  to  the  W  by  a  wiper  aoriag  a 
treadle  tint  is  attached  to  the  lay  l^  means  of  the  line  and  crank  «t 
F.  The  return  motion  for  strikinff  home  the  weft  is  given  by  a  weagbt 
hangmg  over  a  puMeyi  as  may  be  seen  in  the  figure.  The  fli^  of 
the  shuttle  is  occasioned  bv  attaching  the  strings  from  the  driven  (o 
another  treadle,  whidi  treadle  is  worked  at  the  proper  penods  by  anothtr 
wiper. 

Another  Ibrm  of  power-loom,  called  the  crank-loom,  is 
used,  and  Tariea  from  tlie  preoeding  m  the  mode  by  wiuch 
the  movement  is  given  to  the  heddles.  In  this  constructioo 
of  loom  the  revolving  shaft  is  placed  immediateljr  under  the 
heddlesy  which  are  suspended  over  a  pulley  similarly  to  the 
loom  last  described;  out  the  motion  is  given  to  uem  by 
means  of  their  being  attached  to  two  opposite  cranks  on  the 
shaft.  The  motion  is  given  to  the  lay  by  a  crank  upon  ano- 
ther shaft,  which  is  msMle  to  revolve  twice,  while  the  shaft 
that  moves  the  heddle  revolves  once*  By  this,  it  is  evident, 
that  the  warp  is  opened,  and  the  shuttle  tlurown  twice,  during 
cue  revolution  of  the  first  shaft. 

Thefligfat  is  given  to  the  shuttle  by  th(e  oords  of  ^  drivers  being  attidied 
to  an  apn^t  lever,  as  represented  in  ftg.  422. 

The  cords,  c,  c,  of  tho*  drivers  are  attached  to  the  lever,  e,  vdiicb,  bj 
means  of  the  arms,  A,  i,  is  caused  to  vibrate  in  opposite  directions  upon 
the  centre,  g,  being  alternately  struck,  by  two  preymag  piecea  npantbe 
first  mentioned  crank  shaft,  which  cMses  the  itvtr, «,  to  viWate  in  a  phM 
parallel  to  the  Geank*shaft%  and  giises  flight  ta  the  shuttle,  ax  the  pnisd 
when  the  waip  is  opened. 

In  either  of  these  plans  for  working  Iooom  by  power,  if  the 
nvmber  of  heddks  is  required  to  be  increasedi  in  order  to 
produce  any  figure,  it  in  easily  effected,  by>  varying^  tbe 
number  and  the  poskion  of  the  cranks  or  %vipers. 

Bttt,  thoii|^  great  vaaalions  in.  the  movements  of  4^  warp 
nav  be  efb^ed  by  usiagniBny  heddles,  yet  when  the  number 
of  heddles  aad  the  mmAtt  of  comks  are  increased,  gieit 
objectioBs  arise  to  their  being  used;  consequently,  ano- 
ther oeastruetiim  of  loom,  caUed  tbe  dvaw-loom,  is  intio- 
doced  when  coaqdicated  %uiies  are  to  be  woven.  In  thk 
loom  the  dMages  are  eiEecfted  by  raising  one  portion  of  the 
warp  entiiely  out  of  the  way^  while  the  other  is  wrought  ig 
the  heddles  at  the  time  it  is  being  filled  with  the  weftj  tbi 
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faxt  fused  is  tiieit  lowered  into  work,  and  other  ynns  of  the 
warp  Ufttd  out  of  the  way. 

A  loom  on  tint  principle  is  shown  in  fig.  433.  For  wtKring  ctrpets  hy 
lys  netlKNiy  «f«7  yin  of  die  wnrp  has  a  line  aMaidied  to  it,  whidi  lines 
■le  bfODoht  together  in  one  oonnected  piece,  according  to  the  portion  of 
warp  to  be  raised  at  once,  and  carried  o?er  the  pulleys  as  at  A,  and  attached 
to  the  fixed  beam  at  B.  This  portion  b  called  the  tail.  Below  the  warp 
these  tines,  which  are  called  the  simples,  are  kept  in  a  state  of  tension  by 
Weights,  as  St  C;  and  in  order  to  keep  them  distinctW  apart,  are  made  to 


pass  thioogh  a  board  perferated  with  holes  at  D.  Other  lines  are  attached 
to  the  tail,  capable  otbeisg  pulled  hy  handles,  as  at  £,  by  which  means, 
snch  portions  of  the  warp  as  are  required  can  be  raised.    By  this  contrlv< 


ance  ute  greatest  intricacy  of  pattern  can  be  attained ;  but  tlie  attaching  of 
the  simples  to  the  dilferent  parts  of  the  warp,  by  means  of  small  eyes  of 
naetal  throa^  whidi  the  threads  of  the  warp  are  made  to  pass*  is  a  work  of 
considerable  labour.    Damask  taUe-doths  are  produced  by  this  loom. 

It  would  occupy  too  much  room  were  we  to  enter  mth 
more  exactness  into  the  great  variety  of  looms  which  mgenuity 
has  constructed ;  what  we  have  said  therefore  we  trust  will  be 
sufficient  to  convey  to  the  reader  a  per£ect  knowledge  of  the 
pimciples  of  forming  those  various  fabrics  which  are  termed 
cloth.  In  the  weaving  of  ribands  and  other  ornamental 
works,  many  extraneous  substabces,  totalhr  unccmnected  with 
the  warp  or  weft,  are  thrown  in,  which  aSbrds  the  desmiers 
an  ad^tional  scope  for  the  display  of  embellishments.  These 
substances  are  merely' held  in  the  frinric  by  the  intersection 
of  the  two  staple  parts,  the  warp  and  the  wdt,  and  are  by 
the  weavers  deneminated  whfos. 

in  the  formaftkm  of  dodi  from  the  yam  of  cottcm,  siU^ 
hemp,. and  long  woo),  denominated  worsted,  the  6bric  wlien' 
taken  from  the  loom  ii^  so  frr  as  regards  the  weaving,  m  a 
perfect  4itate ;  the  Atrther  opnatioos,  both  mechanical  and 
chemical,  which  it  undergises,  msnr  prowily  be  conidered  as 
tending  merely  to  its  finther  embdlishment.  These  opera- 
tions consist  generally  of  singing  Ae  superfluous  fibres  from 
the  BUffeu^  of  the  cloth,  by  drawing  it  over  hot  irons,  siid 
after  bleaching  or  dyiog,  submitti^  the  cotton  and  linen 
£oods  to  pressure  between  heavy  iron  cylinders,  for  the  pur- 
pose of  giving  it  a  gloss,  and  the  worsted,  called  camblets  or 
etuffi^  between  warm  copper-plates,  called  hot-pressing,  t6 
give  it  a  smooth  and  finisned  appearance. 

In  the  formation  of  doth  mm  short  wool,  of  which  oittr 
wearing  apparel  is  made,  the  loom  cannot  be  said  similariy 
to  have  completed  the  operation.  In  this  branch  of  naai^ 
ftcture,  the  yam  is  woven  in.  a  cornmon  kom  in  the  manner 
we  have  shown,  and  called  common  fabric,  but  when  the 
piece  is  taken  from  the  loom  the  web  is  too  loose  and  opeo. 
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and  is  consequently  submitted  to  anotfter  opesilbNi,  csQed 
fulling.  The  cloth,  after  it  is,  by  repeated  waahiugs,  divested 
of  the  cmI  that  was  put  in  it  in  the  act  of  carding  the  wool, 
is  taken  to  the  fulung-miU,  wbere  it  is  immersed  in  water, 
and  subjected  to  repeated  compressions  by  the  action  oS  a 
large  beater  formed  of  wood,  which  repeatedly  changes  the 
position  of  the  cloth,  and  by  its  continuous  action  causes  the 
fibres  to  fdt^and  coKbine  more  closely  together,  so  that  the 
beauty  and  stability  of  the  teicture  is  greatly  improyed.  1^ 
cloth  is  next  submitted  to  the  dyer,  if  so  destined ;  but  in 
many  colours  for  the  best  cloths  this  process  is  efibcted  m 
the  wool  prior  to  the  commencement  of  the  manu&cturing. 

The  cloth  then  undergoes  the  operati<m  of  the  gig-mill, 
which  is  formed  of  a  eyiinder,  somewhat  similar  to  that  of 
a  carding-engine^  covered  with  the  heads  or  burs  of  a  laige 
species  of  thistle,  called  teasels.  This  engine  is  used  to 
raise  the  fibres  or  nap,  and  lay  it  in  a  parallel  directioo, 
which,  in  fine  cloth,  is  cut  off  by  shears,  and  the  doth 
then  undergoes  hot-pressing  to  bring  it  into  a  stato  fit  lor  the 
market. 

Upon  considering  the  vaiioos  methods  ot  fabrieafiBg  cioth 
in  general,  it  may  easily  be  conceiredy  that  great  scope  is 
afforded  to  the  practice  of  cUshonest  modes  of  forming  &bric 
apparently  valuable,  such  as  the  introducing  of  weft  or  wsupi 
of  different  qualities  and  hiding  them  by  Uie  mode  of  plying 
the  other  part.  In  trying  the  strength  of  cloth  it  abouM 
fdways  stand  both  in  tlie  direodon  of  tm  warp  and  the  weft; 
and  the  substances  of  which  all  parts  are  formed  should  be 
known  by  separato  examination,  and  not  by  mere  auperficisl 
inn>ectiony  as  the  sui&ce  nuMr  jsasily:  be  formed. to  hide 
defects,  and  ^play  i^pparent  value. 


ROP&MAKING. 

In  rendering  the  hemp-plant  proper  for  the  uses  of  the 
rppe-niaker,  it  has  to  undergo  a.variet]^  of  processes.  ' 

The  first  of  these  is  retting^  thai  is^  exposing  it  to  toe 
action  of  the  dew,  or  water ;  the  former  termed  dtw-retHng; 
the  latter,  bv  which  the  finest  hemp  is  produced,  waters 
rettmg.  In  both  or  either  of  these  processes,  the  quality  of 
•the  hemp  is  said  to  be  influenced  bv  tne  state  of  the  weather, 
^ihI  the  finest  to  be  produced  when  showers  haye  nxMtly 
prevailed. 
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In  dew-retHngj  the  hemp-stalks,  immediately  after  being 
poDed,  are  spread  out,  in  a  thin,  even,  and  regular  way,  so 
as  to  keep  exact  rows,  on  a  fine  level  piece  of  close  old  sward 
land,  for  the  space  of  three,  six,  and  sometimes  eight  weeks, 
as  circumstances  may  require ;  during  which,,  they  are  turned 
two  or  three  times  in  the  week,  according  to  the  state  of 
the  atmosphere. 

The  modve  for  thus  spreading  it  out  upon  the  ground  is, 
that  the  dew,  by  penetrating  into  the  plant,  may  render  the 
separation  of  Uie  rind  from  the  stem  or  bur  easy  to  -be 
accom^shed.  When  the  dew  has  acted  upon  it  sufficiently 
for  this  purpose,  it  is  tied  up  into  large  bundles,  and  carried 
home  and  slacked,  or  otherwise  it  is  put  into  a  covered 
building,  till  wanted  to  be  formed  into  hemp. 

This  process,  called  grassing^  reqidres  great  nicety  and 
attention,  that  the  texture  of  the  hemp  may  not  be  injured 
eitiier  by  too  long  continuance  on  the  sward,  or  by  being 
removed  before  the  hempy  substance  is  rendered  sufficiently 
separable. 

in  waier^rettingf  the  much  more  common  and  speedy 
method  is,  to  tie  the  hemp-plant  into  small  bundles,  by 
means  of  bands  at  each  end,  and  in  general  to  deposit  it 
bundle  upon  bundle,  in  a  diiect  and  crossing  manner,  in  a 
pond  of  standing  water,  to  form  what  is  called  a  bed  of 
hemp.  This  bed,  when  formed  of  as  great  a  thickness  as  the 
depth  of  the  water  will  admit,  which  some  think  can  hardly 
be  too  great,  though  five  or  six  feet  are  the  usual  depths,  is 
loaded  with  large  pieces  of  heavy  wood  until  the  whole  is 
immersed  in  the  water.  In  choosing  ponds,  those  should  be 
preferred  that  have  clayey  bottoms. 

When  the  hemp-plant  has  remained  in  the  water  for  about 
five  or  six  days,  varied  according  to  the  nature  of  the  pond 
and  the  state  of  the  weather,  it  is  taken  out,  and  conveyed 
to  a  piece  of  mown  grass  or  other  sward  land,  which  is  tree 
from  all  sorts  of  animals.  Here  the  bundles  are  untied,  and 
the  hemp-stalks  spread  out  thin,  stem  by  stem.  While  in 
this  state,  especially  in  moist  weather,  they  must  be  carefully 
tamed  every  second  day,  to  prevent  their  being  injured  by 
the  worm  casts.  In  this  way  they  are  kept  for  about  five  or  six 
weeks,  when  they  are  gathered  up,  tied  in  large  bundles,  and 
kept  perfectly  dry  in  a  house  or  small  stack,  till  wanted  for  use. 
Id  some  of  the  northern  parts  of  Scotiand,  the  hemp,  after 
it  has  been  pulled,  and  cleared  of  its  leaves,  seeds,  and 
branches,  by  means  of  a  ripple,  is  formed  into  bundles  of 
twelve  handfuls  each,  and  steeped  in  a  manner  stmilar  to  ftax, 
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till  its  reed  becomes  capable  of  parting  from  the  baiL  h 
this  pmcets,  it  is  fisvoorable  to  give  it  rather  too  mach  than 
too  little  of  time ;  and  let  it  be  observed^  that  the  moti 
slender  hemp  reauires  the  greatest  length  of  time  in  the 
water.  Where  the  quantity  of  hemp  is  only  smaU,  the 
hempy  part  may  be  separated  from  the  reed  by  hand-lsbow; 
but  where  it  is  large,  drj^g  and  breaking  it  in  the  maaaer 
of  flax  is  strongly  recommended. 

After  the  hemp  has  been  taken  out  of  the  wttler^  it  is  not 
spread  out  upon  the  grass-ground  in  the  way  of  flax;  bol 
set  up  in  an  inclined  position  against  cords  arranged  tot 
thepurpose,  or  by  any  other  method  by  which  it  can  receife 
the  full  benefit  of  th&  air  till  it  be  perfectly  dried,  which  may 
be  known  by  its  rising  in  blisters  from  tne  boon.  As  soea 
as  it  has  been  reeded,  it  must  be  divested  of  the  mucilaginous 
material  which  it  contains,  by  pouring  water  upon  and  re- 
peatedly squeezing  it.  In  diis  part  of  the  process  great  cire 
must  be  taken  to  prevent  the  fibres  from  getting  entangled, 
as  bv  that  means  great  waste  will  be  incurred. 

M.  Brealle,  on  the  Continent,  has  suggested  a  mode,  very 
different  to  any  of  these,  for  the  purpose  of  steeping  hemp^ 
the  advantages  of  which,  it  is  asserted,  have  been  mlly  pro?ed 
by  numerous  trials.  The  process  consists  in  heating  watfr 
in  a  vessel,  or  vat,  to  the  temperature  of  from  72  to  7^ 
degrees  of  Reaumer,  and  dissolvmg  in  it  a  quantity  of  gicen 
soap,  in  the  {proportion  of  1  to  48  ^  the  hemp :  the  body  of 
the  water  being  about  forty  times  the  weight  erf  die  hemp. 
When  this  preparation  is  made,  the  hemp  is  thrown  into  k» 
and  floats  on  liie  surfisM^e,  and  the  vessel  being  inmiediateiy 
covered,  the  fire  is  put  out.  In  this  state  the  hemp  is  allowed 
to  remain  for  two  hours,  at  the  ex^ration  of  which  time  it 
will  be  found  to  be  fidly  steeped. 

The  principal  superiority  of  this  meliiod,  besides  the  grest 
saving  of  time  and  expense,  is  said  to  consist  in  the  hemp 
affording  a  greater  proportion  of  tow.  The  value  of  the 
fiiel,  as  well  as  the  time  employed  in  the  process,  shouldi 
however,  be  well  considered  in  such  cases.  Besicfes  these^ 
it  is  said  to  promote  the  cultivation  of  the  hemp  cn^s,  by  the 
facility  which  it  affords  to  the  preparation,  even  in  sudi 
situations  as  are  not  contiguous  to  rivers,  streams,  or  ponds; 
it  also  obviates  any  ill  consequences  that  might  poB»Uy 
ensue  from  the  putrid  effluvia  of  the  atmosphere,  and  the 
corruption  of  the  waters,  induced  by  it,  which  last  are  weH 
known  to  destroy  the  fish  contained  in  them,  as  also  to  prQ?t 
hurtful  to  the  caUle  that  drink  of  them. 
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In  consequence  of  the  great  trouble  and  expense  attendant 
upon  Ae  process  of  water-retting,  the  hemp  is  frequently  left 
for  seed;  in  which  case,  it  is  commonly  stacked  up  and  well 
corered  for  the  winter  season,  in  order  that  it  may  be  thinly 
spread  out  in  about  January  or  the  followmg  month.  Where 
this  can  be  executed  during  the  period  of  a  snow,  the  hemp 
comes  much  more  readily  to  a  good  colour,  and  forms  strong 
coarse  cloths;  butitisiarinferiiH*tothatpulledindue  season^ 
and  which  has  undergone  the  water-retting  operation. 

Various  contrivances  have  been  made  in  the  form  of  fkmds 
and  pits^  for  the  steeping  of  hemp ;  but  the  one  whidi  seems 
to  possess  the  most  merit  is  descnbed  in  the  Norfdk  Report, 
as  the  invention  of  Mr.  Rainbeard;  by  uidng  of  which,  the 
hemp  cap  be  deposited  in  the  jnt,  without  the  necessi^  of 
any  person  getting  wet.  The  pond  is  an  old  mari-pit, 
with  a  regular  slope  from  one  side^  where  the  hemp  is  pre- 
pared, to  the  depth  of  eight  feet  on  the  other  side.  On  the 
slope,  above  the  water,  the  hemp  is  built  into  a  square  stack 
upon  a  frame  of  timber,  of  such  a  hdght  as  will  float  and 
bear  a  man  without  wetting  his  feet :  this  is  slid  down  upon 
the  frame  into  the  water,  and  a  person  on  the  opposite  Iramk 
draws  it  to  the  spot  where  it  is  to  be  sunk.  Mr.  Rmnbeard 
has  found  by  experience,  that  Ae  hemp  does  soonest  at  the 
bottom,  and  would  not  object  to  16  feet  of  water.  By 
means  of  this  very  useful  contrivance  he  can  put  in  a  i^raggon- 
load  in  an  hour.  The  riieaves  are  taken  out  one  by  one  in 
the  usual  way ;  but  it  is  suggested,  that  some  more  expedi- 
tious and  sim^e  contrivance,  either  upon  the  principle  of 
the  lever,  or  some  other,  shoidd  be  resorted  to^  for  effecting 
the  desired  purpose. 

In  preparrog  the  hemp  for  tlie  hackle,  the  worii  is  executed 
chiefly  by  the  beetle,  first  using  a  coarse,  and  then  a  finer 
brake  s  it  mav,  however,  be  more  expeditiously  performed  by 
die  rollers  of  a  Imt-mill.  In  either  mode^  shaking  the  hand- 
fuls  firequently  with  force  is  necessary.  In  cases  where  the 
pkmt  has  not  been  sufficiently  watered  to  loosen  the  rind,  the 
opcnitiim  of  peeling  must  be  performed  by  the  hand. 

AaoUier  method  for  eflfectmg  this  purpose  is  the  hemp- 
mBl,  which  is  much  used  in  America.  It  consists  simply  of 
a  li^  heavy  stone  in  the  form  of  a  sugar-loaf,  having  the 
smdl  end  cot  off.  Thus  shaped,  it  readilymoves  round 
in  a  circle,  when  passing  upon  a  plane.  The  motion  is 
given  by  the  impulse  of  water  on  a  wheel,  and  the  hemp, 
deposited  on  the  receiving  floor  of  the  miH,  is,  by  the  weight 
sod  revolutions  of  the  stone,  perfectly  crushed  and  brokan. 
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Still,  however,  the  iSuted  rollers  of  a  Imt-nuU  are  the  beit 
means  of  performing  the  work,  provided  sufficient  care  be 
taken  to  guard  against  accidents. 

When  the  hemp  has  been  completely  broken,  it  is  sub- 
mitted to  another  operation,  called  swingling,  or  acotchinc  ^ 
the  intention  of  which  is,  to  separate  the  reed  from  m 
hemp.  This  operation  is  sometimes  performed  by  a  labourer, 
who  takes  a  handful  of  hemp  in  his  left  hand,  and  while 
holding  it  over  the  sharp  edge  of  a  board,  strikes  it  with  the 
fine  edge  of  a  long  flat  straight  piece  of  wood,  usually  termed 
a  swingle-hand  or  seotcher ;  but  this  way  is  both  laborioas 
and  teddous,  consequently,  mills  moved  by  water,  having  i 
number  of  scotchers  fixed  upon  the  same  axle-tree,  and  niof- 
ing  with  great  velocity,  are  much  more  frequently  used.  Tbe 
work,  in  this  case,  is  executed  with  much  greater  expeditioo, 
and  far  less  fatigue  of  the  workman ',  but  the  velocity  of  tbe 
mill  occasions  a  great  waste  of  hemp. 

Before  the  hemp  prepared  in  this  manner  is  subjected  to 
the  hackle,  it  mostly  undergoes  another  process,  tenned 
beetling;  by  which  the  fibres  of  the  hemp  became  more 
loosened  and  divided.  The  beetles  employed  with  this 
intention  are  moved  by  the  power  either  of  the  hand  or 
water,  which  may  be  considered  best. 

The  implements  used  in  preparing  hemp  for  the  operstioo 
of  spinning  are  so  very  similar  to  those  described  in  the 
preparatory  processes  of  the  flax-manufiurture,  that  we  do 
not  consider  it  necessary  to  give  more  than  a  general  descrro- 
tion  of  the  processes ;  we  sh^  therefore  conclude  this  aitioe 
with  an  accurate  description  of  a  patent,  taken  out  by 
Mr.  George  Duncan,  of  Liverpool,  in  March  1813,  for  hu 
improvements  in  the  different  stages  of  rope-making,  tod 
for  certain  machines  adapted  for  the  same. 

The  first  part  of  the  process  which  he  has  described,  is 
thai  for  spinning  the  yam  for  all  kinds  of  cordage,  ^rms 
and  twine. 

In  this  part  of  the  invention  there  are  two  raQwm 
adjoining  and  parallel  with  each  other,  fixed  along  the  nmi- 
ning-ground  or  rope-walk,  from  one  end  of  it  to  tbe  omf* 
Upon  each  of  these  railways  a  machine  for  SfminiDg  the 
yarn  is  made  to  travel  alternately  backwards  and  forwanH 
one  setting  off  from  the  bottom  of  the  ground  at  the  ttoie 
lime  that  the  other  sets  off  from  the  top,  and  as  they  both 
travel  at  the  same  rate,  the  former  arrives  at  the  top  of  tk 
ground  at  the  same  time  the  latter  arrives  at  the  bottom. 

These  spinning-machines  are  in  every  respect  simihr  to 
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«ach  other,  and  are  respectivdy  furnished  with  two  sets  of 
twkting  spindles ;  one  set  being  placed  at  one  end  of  the 
machine,  with  the  hooks  facing  the  top  of  the  spinning- 
noond;  the  other  at  the  opposite  end,  with  the  hooks 
ndng  the  bottom,  l^e  spinners  employed  in  spinning  with 
tliem  are,  accordingly,  divided  into  two  companies,  and 
arranged  similar  to  the  machines;  the  one  company  at 
the  top,  the  other  at  the  bottom,  of  the  ground.  The  number 
of  spindles  in  each  set  of  each  machine  should  be  equal,  and 
also  equal  with,  or  rather  not  fewer  than,  the  number  of 
spinners  in  each  company ;  or,  in  other  words,  as  there  are 
in  each  machine  two  equal  sets  of  spindles,  (four  sets  in  all,) 
the  number  of  separate  spindles  in  the  two  machines  should 
not  be  fewer  than  double  the  whole  number  of  spinners 
employed ;  because  one  set  only  in  each  machine  is  occupied 
at  the  same  time  in  spinning,  the  other  set  being  in  the 
mean  time  engaged  in  retaining  the  yams  last  spun  from  it, 
and  following  them  back  to  the  winding-machine. 

The  manner  in  which  the  operation  is  performed  is  as 
follows:— The  spiuning-machines  are  placed,  as  before  de- 
scribed, one  at  each  end  of  the  spinning-ground,  on  its  respec- 
tive n^way,  ready  to  set  o£  Each  spinner  of  the  two 
companies  immediately  attaches  his  hemp  or  flax  to  the 
spindle  of  the  machine  that  is  nearest  to  hiin ;  and  the  motions 
of  both  machines,  excepting  those  of  that  set  of  twisting- 
spindles  facing  the  opposite  company,  are  then  struck  into 
geer,  and  each  machine  recedes  from  its  own  company,  spin- 
ning knd  leaving  the  yam  on  separate  guides  or  hooks  as  it 
proceeds  onwards,  the  one  down  and  the  other  up  the  ground^ 
the  one  arriving  and  striking  itself  out  of  motion  at  the 
bottom,  when  the  other  arrives  and  strikes  itself  out  of  motion 
at  the  top.  Each  spinner  of  the  two  companies  then  detaches 
the  yam  in  his  hand  from  the  hemp  or  flax  which  he  was 
spinning,  and  fixes  the  end  of  the  piece  that  is  spun  to  a 
windinff-up  red,  in  a  machine  stationed  behind  or  near  him, 
while  the  other  end  still  remains  attached  to  the  spindle-hook 
of  the  machine  on  which  it  was  spun,  and  whieh  is  now  at 
tiie  further  end  of  the  ground. 

The  machines  have  now  changed  their  company ;  that  is, 
the  machine  which  formeriy  belonged  to  the  company  at  the 
top,  now  belongs  to  the  company  at  the  bottom ;  and  that 
wMch  belonged  to  the  company  at  the  bottom,  belongs  now 
to  the  company  at  the  top.  Each  spinner,  therefore,  of  both 
companies,  immediately  attaches  his  hemp  or  flax  to  the 
«pindles  left  vacant  by  uie  opposite  company,  and  the  motions 
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of  the  spindles  to  which  the  hemp  or  flax  is  attached  bong 
stnick  into  geer^  the  spinning  proceeds  as  before ;  danag 
which^  the  respective  winding-machines  wind  up  the  yarns 
last  spun,  regularly  as  the  spinning-machine^  to  whose  qpio* 
dies  they  are  attached,  and  which  hare  renuuned  stationary, 
advances  towards  it  from  the  other  end. 

The  spinning  of  the  two  sets  of  yam,  and  unnding  op  d 
the  two  last  spun,  being  finished  at  one  and  the  same  time, 
the  whole  machinery  again  stops,  and  each  smnner^  as  brfore, 
immediately  detaches  the  yam  in  his  hand  from  the  hemp  or 
flax,  and  then  detaches  from  one  of  the  spindle-hooks  6t  the 
spinning-machine  just  arrived,  the  yam  which  he  haid  on  the 
former  occasion  spun,  and  which  has  iust  been  wound  up  oo 
one  of  the  reels  of  the  winding-machine,  as  closely  as  ^ 
short  length  necessarily  intervening  between  the  spinning  sad 
winding  machines  will  allow.  The  two  ends  of  these  yani 
he  splices  together,  so  that  the  jzm  just  spun,  lying  on  the 
guides  or  hooks  along  the  whole  length  of  the  spinning- 
ground,  is  now  ready  to  be  wound  up.  The  spinners  then  attach 
their  hemp  to  the  emptied  hooks,  the  machines  are  agiia 
stmck  into  motion,  the  spinnii^  and  winding  go  on  as  before, 
and  the  same  procedure  continues  to  be  renewed  each  time. 

'^The  general  principle  which  constitutes  this  mode  of  open- 
tion,  and  consequent  focilities  of  the  invention,  are^  that  one 
set  of  spindles  in  each  machine  is  always  employed  in  spiii- 
ning,  while  the  yams  spun  by  and  attached  to  the  hooks  of 
the  other  set  at  the  opposite  end  of  the  machine  are  windiof 
up,  so  that  every  spinner  is  constantly  kept  at  work  in  ^• 
nmg,  excepting  the  short  interval  when  splicinff  the  yan^ 
and  preparing  to  set  on  to  spin.  Throughout  the  whole  of 
the  operation,  therefore,  whatever  one  of  the  spinning  sad 
the  winding  machines  may  be  performing,  and  one  of  the 
company  of  spinners  employed  m  doing,  the  other  sfmuiiBg 
and  winding  machines,  and  company  of  spinners,  are^  in 
every  respect,  similarly  engaged. 

An  endless  rope,  driven  by  any  external  machinery,  gives  the 
travelling  and  twisting  motions  to  both  s{Hnning-madii]ief ; 
and  the  whole  of  these  motions  are  connected  with  and  betr 
a  given  proportion  to  each  other,  capable  of  being  n^^ulated 
to  suit  tne  speed  required.  The  tw6  winding-machines  maj 
also  be  driven  by  the  endless  rope.  All  or  any  oi  these 
machines  may,  nevertheless,  be  miven  by  distinct  endkis 
ropes,  or  by  any  other  method  or  methods  m  use  for  dtifinf; 
locomotive  machinery,  provided  the  proporUonate  speed  be 
}iept  up. 
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The  Atq^UcnUcm  of  the  rackj  h^re^fter  de^ribed,  will  be 
tbe  moet  accipate  for  regulating  the  tr^veU^og^movement  of 
the  spinnipg  or  any  other  machine,  on  a  rone-walk  ;  but  a$. 
the  resistance  in  the  present  case  is  very  trifling,  the  motion 
given  to  the  truck- wheels  of  the  spinqing-machine,  as  shown  in 
the  engriivings,  will  answer  the  purpp^e  at  less  expense. 

As  a  farther  inmroyementj  Mr.  jDimcan  ip vented  an  addi- 
tional apparatus  &r  giving  an  after-twist,  which  either  may 
or  may  not  be  adopted.  The  object  of  this  improvement  is, 
to  prevent  the  yams  losing  strength,  which  otherwise  they 
do,  by  losing  twist  by  the  counter-twist  of  the  strand,  and 
other  subsequent  operations.  This  is  effected  in  a  simple 
and  convenient  wav,  by  contiiiuing  the  twisting  for  a  sufficient 
loigth  of  time  after  the  travelling  motion  of  the  spinning- 
machine  has  ceased ;  by  which  means,  an  additional  twist  is 
given  to  the  yams  after  they  are  spun  to  their  fidl  length  ; 
and  this  is  done  while  the  spinners  are  splicing  them  at  the 
iAber  end  of  the  spinning-ground,  and  preparing  again  to  set 
on  to  spin,  without  occupying  any  of  tlieir  time  for  the  pur- 
pose. The  effect  of  this  part  of  the  invention  for  the  after- 
twist  has  been  produced  in  different  ways  by  others^  but  by 
modes  either  so  complicated  or  expensive,  as  not  to  be  con- 
veniently available  in  practice. 

The  principal  advantages  to  be  derived  from  this  method 
of  spinning  are  the  following : 

First.  Tne  spinners  are  enabled,  at  much  less  expense,  to 
spin  a  greater  quantity  of  hand-spun  yam  than  they  can  by 
any  other  method  in  the  same  space  of  time ;  because,  except 
while  splicing  the  threads,  they  are  constantly  occupied  m 
spinning ;  and  have  neither  to  hook  up  the  threads,  nor  to 
travel  up  and  down  the  walk,  so  that  their  time  and  attention 
is  solely  confined  to  the  deliveruig  of  the  hemp  or  flax  from 
their  hands.  Secondly.  The  speed  of  the  spinning-machine^ 
besides  being  uniform,  is  proportioned  to  the  fuU  extent  of 
work  the  spinners  can  conveniently  accomplish,  which,  in 
some  measure,  compels  them  to  produce  the  greatest  possible 
•quantity ;  and  as  the  machine  is  constructed  so  as  to  lift  the 
threads  off  the  hooks,  and  follow  them  up  to  the  winding** 
machine,  little  or  no  attendance  is  required  from  wheel-boys 
or  followers.  Thirdly.  The  spinners  are  enabled,  partly  frcna 
their  whole  skUl  and  attention  being  confined  to  the  one 
object,  of  simply  delivering  the  hemp  or  flax  from  their 
fingers,  and  partly  from  the  requisite  degree  of  twist  being 
given  by  machinery,  to  produ^  a  superior  quality  of  yam# 
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And  fourthly.  The  hemp  to  be  spun  by  ihit  madunery  may 
^tber  be  dreMed  in  the  vmaxl  way^  or  prepared  and  dreiaed 
•on  the  haddinff-machines,  whidi  draw  out  the  whole  in  a 
long  sliver ;  and  in  either  case  it  may  be  spun  from  tfae<9id 
of  the  fibres,  by  which  means  the  strongest  jnm  is  fonoeL 
It  may,  howerer,  be  spun  from  the  spinner's  waist,  and  with; 
more  convenienee  than  in  the  common  way,  because,  by  dAr' 
method,  the  spinners  remain  always  in  a  room  at  each  eoA  of 
the  spinning-ground ;  consequently,  the  hemp  is  not  so  fiilih(j 
to  be  discomf^sed  as  idien  thev  hare  to  travel  up  and  d 
its  whole  length  $  neither^  for  tne  same  reason,  is  it  so  " 
to  be  waited,  ' 

The  expense  attendant  upon  erecting  the  spinning  ns^ 
chinery,  with  all  its  connections,  and  the  power  requisitetffj 
drive  it,  is  comparatively  trifling.  In  making  the  ^noisf ! 
machinery,  various  forms  or  shapes  may  be  adopted^  as  d 
may  be  made  to  travel  on  railways  on  the  ground,  or 
railways  suspended  from  the  beams  of  the  rope*walk,  or  fi^ 
upon  or  above  them,  as  may  be  thought  proper ;  and  tkr 
disposition  of  the  necessary  madiinerjr  may  be  arranged  asi 
diversified  to  suit  the  situations  of  the  railways,  and  the 
construction  and  conveniences  of  the  rope-walk. 

The  mode  shown  iq  figs.  469,  470,  and  471,  is  most  preferred  hf 
Mr.  Duncan,  merely  because  it  occupies  least  room  in  proportion  to  tk 
number  of  spindles  the  spinning-machines  can  employ.  The  whole  width 
of  a  rope-walk,  required  by  thU  mode,  need  not  be  more  than  six  feet,  exeqA 
at  each  end,  where,  of  course,  suipcient  width  con? enient  for  the  spiooen, 
and  for  the  winding-machine  and  dressed  hemp,  must  be  allowed.  Id  tys 
narrow  space  no  less  than  twenty-(bur  direads  may  be  constantly  kept 
spinning  at  one  time,  and  as  many  windins  up ;  to  tut  besides  crery  other 
advantage,  the  saving  in  the  ori^nal  cost  of  a  spinnine-ground  oa  this  plaSf 
and  in  the  expense  of  corerii^  it  in,  will  be  consideru>le. 

In  the  explanations  to  the  ^;s.  478  and  479,  is  shown  how  other  arrai^ 
ments  may  be  made  by  which  the  competent  medianic  will  be  enabled  to 
adapt  or  aiversify  the  rorm  of  the  macnines,  and  form  and  disposition  of 
tlie  machinery,  to  suit  any  situation  in  a  ropery  which  is  most  oonTenie^ 
or  of  little  use  for  other  purposes. 

In  that  part  of  the  drawing,  entitled  **  Rope-spinning,*'  from  A  to  B  is 
supposed  to  be  the  spinning-ground,  shown  as  broken  on  in  the  middle,  ftr 
want  of  room  to  show  it  in  Ml  length ;  C  C  and  C  C,  on  eadi  aide  of  thi 
break,  is  one  railway ;  D  D  and  D  D  the  other. 

Fig.  469  is  a  plan  of  one  of  the  spinning-machiBes,  at  the  top  of  thr 
ground,  on  the  railway  C  C. 

Fig.  470  is  the  other,  exactly  of  the  same  construction,  at  the  bottoni  cf 
the  ^und,  on  the  railway  D  D ;  and 

Fig.  471  is  a  sida  deration. 

Though  both  machines  are  precis^.ly  similar,  yet  some  parts  of  (hi 
inachinery  are  omitted  in  some  of  the  figures,  tliat  other  part9  may  be  sees 
^ore  distinctly,  and  in  none  of  the  figures  are  th<!  whoU  d^iown  togethef. 
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E,  wherever  it  occurs,  shows  the  endless  rope  which  drives  both  machines^ 
and  w  the  rollers  or  pullies  suspended  from  the  beams  L  over  head,  which 
guide  and  carry  it. 

The  same  dumusters,  in  all  the  above  figures,  wherever  they  may  be  used, 
denote  the  same  part 

F  shows  the  framing  of  the  machines. 

a  and  b  two  grooved  sheeves,  fiaistened  upon  the  two  upright  shafts 
e  and  d^  (as  best  seen  in  fig.  471,)  driven  contrary  ways  by  means  of  the 
endless  rope. 

The  manner  in  which  the  rope  goes  round,  and  grasps  the  sheeves,  and 
occasions  their  contrary  motion,  is  best  seen  in  fig.  470. 

In  fig.  471,  e  and^  are  two  sp^r-wheels,  fixed  upon  the  shafts  c  and  d^ 
with  a  view  to  equalize  their  motion. 

The  twisting  motions  for  each  set  of  spindles  are  driven  by  their  respec- 
tive shafts,  which,  at  the  same  time,  drive  all  the  travelling  motions.  But 
the  twistiog  motions  for  one  end  only  are  driven  at  a  time ;  for  while  the 
shaft  that  is  nearest  to  the  end  from  which  the  spinners  are  spinning,  is 
driving  the  twisting  motions  of  that  set  of  spindles,  toother  with  all  the 
travelling  motions,  the  shaft  nearest  to  the  other  end  is  not  driving  any, 
though  lx>th  shafts  are  then  revolving. 

g  and  A  in  the  travelling  motions  are  two  pinions,  upon  loose  rounds, 
alternately  driving  the  wheel  I,  which  b  frot  upon  the  short  upright  shaft  ft, 
and  ^own  only  in  fig.  471.  On  the  lower  end  of  this  shaft  is  the  bevel- 
wheel  If  driving,  by  means  of  another  bevel-vrheel,  m,  the  cross  shaft  n,  upon 
one  end  of  which  are  fastened  the  sheeves  1, 2,  3,  and  upon  the  other  the 
sheeves  4,  5, 6,  seen  best  in  fig.  469.  These  sheeves  are  of  different  sizes, 
and  one  only  at  each  end  of  the  shaft  is  in  use  at  a  time;  o  and  n  are  the. 
two  axles  of  the  truck-wheels,  havinffthe  sheeves  7,  8,  9,  frtstenea  upon  o, 
and  upon  p  the  sheeves  10, 11, 12.  The  four  truck- wheels  q  are  also  ftst- 
cned  upon  the  shafts  o  and  p,  and  motion  is  given  to  them  by  two  belts ; 
one  driven  from  any  one  of  the  sheeves  1,  2,  3,  and  the  other  from  any  one 
of  the  sheeves  4, 5,  6,  each  belt  running  upon  its  corresponding  sheeve  on 
the  axles  of  the  truck-wheel.  The  turning  round  of  tnese  axles  impels, 
according  to  the  motion  given  to  them,  the  machine  forward ;  which  motion 
can,  by  the  sheeves  being  of  different  sizes,  be  regulated  as  occasion  may 
recpiire. 

On  the  lower  end  of  the  shafts  e  and  d  of  the  twisting  motions  are  the 
sheeves  r  and  #,  on  loose  rounds,  each  in  its  turn  carried  about  by  catch- 
boxes,  (as  shall  be  hereafter  explained,)  and  driving  the  upright  rollers  or 
cjlhiders  G  and  H,  by  means  ot  belts  going  round  the  sheeves  i  and  v,  fiut« 
md  on  the  axles  of  the  rollers.  These  rollers  give  motion  to  the  twisting 
ipindles  by  separate  bands  or  belts  passing  round  a  whirl  on  each  spindle ; 
in  each  machine  are  placed  twen^-iour  spindles,  twelve  at  each  end,  or  six 
at  each  comer  of  each  end,  the  positions  df  which  are  seen  in  figs.  469  and 
470.  In  either  of  these  figures,  one  spindle  at  each  of  the  four  comers 
oaly  appears,  the  other  five  being  ranged  in  a  direct  line  underneath ;  but 
the  manner  in  vrhich  they  range  is  seen  in  fig.  471.  In  fig.  471,  twelve,  or 
one  half  of  the  number  of  spinBles,  appear  on  th^  nearest  side;  six,  or  half 
a  set,  at  eadb  end  ;  the  other  half  app^r  similarly  situated  on  the  opposite 
side.  These  two  sets  are  alternately  employed,  the  one  in  spinning,  and 
tbe  other  in  holding  and  following  the  yams  that  are  winding  up;.ss, 
fig.  471,  are  ratchet-wheels  and  catches,  placed  on  the  axles  of  the  rollers 
G  and  H,  to  keep  the  yams  from  untwisting  when  winding  up. 

Figs.  469  and  470  best  show  the  carriers,  projecting  from  the  frame  in 
^ich  the  twisting  spindles  ran ;  the  form  and  use  of  them,  and  of  the 
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yrhlrls  and  spindles,  are  so  obvious,  that  it  is  not  necessary  to  point  ihem 
out  in  any  ot  the  figures  by  a  distinguishing  character  of  reference ;  aod, 
for  the  same  reason,  none  of  the  bands  or  belts  are  marked. 

Having  so  far  described  th6  different  motions  and  appurtenances  of  ^ 
.spinning-machine,  we  shall  now  proceed  more  particularly  to  explain  the 
manner  in  which  they  operate. 

fiy  an  inspection  of  fig.  471,  it  will  be  seen,  that  the  catch  of  the  catd»- 
box  13  is  in  contact  with  the  catch  of  the  pinion  A,  and  the  catch  of  tbe 
catch-box  14  with  the  catch  of  the  sheeves  I,  and  that  the  catches  of  tbe 
boxes  15  and  16  are  Dot  in  contact  with  the  corresponding  pinion^ and 
sheeve  r. 

ir  and  18  are  two  separate  levers,  one  at  each  end  of,  the  machiie, 
alternately  used  ht  strikmg  into  geer  the  catches  above  mentioned;  the 
lever  17  serving  for  the  two  boxes  13  and  14,  and  the  lever  18  for  the  tvo 
boxes  15  and  16.  19  and  20  act  as  swingers  or  levers  from  the  joints  21 
and  22,  having  claw  ends  to  grasp  the  catch-boxes  13  and  14 ;  smd  bdsg 
coupled  with  the  main  levet  17,  by  means  of  the  connecting  rod  23,  more 
them  either  up  or  down.  When  in  geer  they  are  held  firm  by  the  snedc  24  ; 
but  on  running  affainst  a  fixture  at  one  end  <^  the  spinning-groundy  ve 
pulled  back,  whidi  causes  ail  the  motions  of  the  machine  to  stop.  Hk 
piachine,  however,  may  at  any  time  be  stopped,  as  occasion  may  require,  by 
pulling  back  the  sneck  by  hand.  The  two  main  levers  17  and  18  areio 
weighted  at  the  handle  end,  that  when  disengaged  firom  their  snecks  the 
cat^boxes  always  flv  out  of  geer.  The  machine  is  put  in  motion  by  raisii^ 
the  main  lever  into  me  sneck  by  hand.  All  the  machinery  on  each  side  of 
the  wheel  t,  at  each  end  of  the  machine,  is  precisely  alike ;  the  descrip^ 
therefore  given  of  one  end  may  answer  for  the  other.  The  twisting  molioiB 
at  each  end  are  never  in  geer  at  the  same  time ;  for  those  at  one  end  aie 
eo|^ed  in  spinning  one  set  of  threads,  while  those  at  the  other,  wboie 
spmdles  retam  and  follow  up  the  other  set  of  threads  (last  spun)  to  (U 
winding-machme,  remain  at  rest.  AU  the  four  catch-boxes,  13, 14, 15,  and 
16,  constantly  go  round  with  the  shafts  e  and  d,  by  means  of  feathers  io  tk^ 
shafhs  acting  in  grooves  in  the  boxes. 

When  the  catch-box  14  is  in  contact  with  the  sheeve  t,  it  gives  motioo 
to  the  set  of  twisting-spindles  belonging  to  the  roller  H,  at  the  same  tiote 
^ts  accompanying  catch-box  13,  by  being  in  contact  with  the  pinion  i| 
gives  a  retiring  or  travelling  movement  to  the  whole  machine^  which  is 
effected  by  the  wheel  i  communicating  motion  to  the  four  truck-wheels,  by 
the  means  vdiich  have  been  before  described.  The  wheel  t  is  common  to 
both  pinions,  being  turned  one  way  by  one  pinion,  when  the  machine  is 
retiring  from  the  top  of  the  ground,  and  the  contrary  vray  by  the  other  when 
it  is  retiring  from  the  bottom  of  the  ground  ;*  consequently,  the  cross  shaft  % 
which  derives  its  motion  from  the  vmeel  I,  turns  at  the  same  time  both  tbr 
truck-wheel  axles,  one  wav  when  retiring  from  the  top,  and  the  contitfT 
way  when  retiring  from  the  bottom;  the  shaft  n  being  common  to  boA 
track^wheel  axles. 

Fig.  472  is  the  plan  of  a  winding*machine,  placed  at  the  top  of  the  sp^ 
ning-ground,  containing  (welve  reels,  corresponding  vrith  the  number  cf 
spindles  in  each  spinning-machine. 

Fig.  473  is  a  plan  of  a  similar  vrinding-machine,  placed  at  the  botton  o( 
^e  ground,  containing  the  same  number  of  reels.  Both  these  windioK* 
machines  are  mounted  so  high  above  the  ground  as  to  allow  the  yam  vinO' 
ing  on  them  to  pass  over  head,  that  the  spinnerv  may  have  room  to  nff* 
underneath.  In  the  engraving  they  are  placed  rather  nearer  the  sp>i""^ 
l^achines  than  they  ouglft  to  bi^  from  want  of  room  ip  the  plate.    Wbenw 
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the  spindles  of  the  two  spinoiDg-machines  are  employed,  one  half  in  spin- 
ning and  the  other  half  in  following  up  the  yarns  to  the  wiifding-machme, 
as  has  already  been  described,  all  the  neels  of  both  winding-machines  are  of 
course  at  the  same  time  fully  employed  in  winding  up. 

Fig.  474,  at  one  end  of  the  ground,  shows  a  side  view  of  the  reels,  placed 
on  ti^ir  spindles,  a  description  of  which  is  unnecessary,  as  the  movements 
and  construction  of  such  machines  are  well  known  and  understood.  In  the 
figure  they  are  represented  as  only  winding  one  yam  on  each  reel,  in  order 
to  explain  th«e  improred  or  patent  method  of  rope-making ;  but  more  thai) 
one  yam  may  be  wound  on  any  one  of  these,  or  any  other  kind  of  reel,  that 
may  be  used  in  my  method  of  spinning,  for  the  bonvenience  of  the  common 
method  of  rope-making,  or  ibr  other  purposes.  It  is  neither  conTcnient,  nor 
necessary,  that  the  endless  rope  shoola  cease  motion,  when  the  spinning-r 
machines  have  arrived  and  stmck  themselres  out  of  geer  at  the  top  and  bot* 
torn  of  the  ground ;  consequently  we  will  suppose,  that  the  endless  rope  is  in 
motion,  and  all  the  other  parts  of  the  machinery  at  rest,  excepting  the  two 
shafts  ^and  df  and  their  respective  catch-boxes.  The  catch-boxes  of  each  shaft 
in  both  machines  are  in  the  position  of  15  and  16,  as  seen  in  fig.  471.  Each 
spinner  in  the  two  opposite  companies  having  now  attached  the  hemp  to  the 
sjpindks,  nothing  remains  to  be  done  but  to  raise  by  hand  the  lever  1 7, 
ag,  471,  (which  in  the  engraving  appears  to  be  already  done,)  and  the  corres^ 
ponding  lever  in  the  opposite  machine ;  which  will  cause  the  spinning  and 
winding  to  proceed  in  the  manner  already  described. 

When  the  machines  stop,  each  spinner  splices  his  thread,  aAd  throws  it  on 
the  nearest  guide  jt,  to  keep  it  out  of  the  way,  and  to  conduct  it  to  the  wind- 
ing-machine. The  grooved  sheeves  a  and  6,  on  the  top  of  the  shafts  c  and  i/, 
to  which  the  endless  rope  gives  the  first  motion,  may  oe  changed  when  rcr 
quired  for  sheeves  of  a  larger  or  smaller  diameter,  for  the  purpose  of  diroir 
lushing  or  increasing  all  the  motions  in  a  proportionate  degree.  For  the  same 
purpose  the  wheel  or  sheeve,  whidi  gives  motion  to  the  endless  rope,  may 
also  have  grooves  of  different  diameters.  The  sheeves  that  may  be  changed 
for  increasing  or  diminishing  the  twisting  motions,  are  the  four  sheeves  t  r 
for  one  end  of  the  machine,  and  v  #  for  the  other,  as  seen  in  fig.  471 .  In 
order  to  obtain  more  or  less  travellipg  motion,  the  belts  may  be  made  to  mn 
either  on  the  sheeves  1  and  9,  and  iS  and  IQ,  or  on  2  and  8  and  5  and  1 1, 
or  on  3  and  7  and  4  and  12,  as  seen  in  fig.  469. 

Fig.  475  (vrithin  which  are  figs.  476,  477,  478,  and  479)  represents  an 
end  view  of  a  rope-ground  building,  set  down  as  eighteen  feet  wide  inside. 
It  is  merely  divided  into  portions,  to  show  some  dinerent  modes  of  diversi- 
fying spinning-machines  u|)on  this  principle,  the  different  situations  in  whid^ 
they  may  work,  and  the  proportion  of  room  they  may  occupy  according  tiQ 
the  number  of  spindles. 

Figs.  478  and  479  show  end  views  of  two  forms  of  spinning-machines, 
different  from  each  other,  and  from  the  one  already  described ;  but  all  upoi) 
the  same  principle.  The  machine  in  fig.  478  is  represented  as  moving  on  a 
railway  M  M,  underneath  the  beam  L,  having  spindles  both  above  and  be- 
low. The  parts  shown  in  the  figure  are  as  follows :  N  N  two  of  the  tmck- 
wheels.  O  P  the  endless  rope  sheeves.  Q  one  of  the  rollers  for  turning  the 
spindles.  R  a  ^eeve  on  the  end  of  the  roller,  answering  the  same  purpose 
as  I  and  o  in  fig.  471 .  W  part  of  a  sheeve  on  the  tmck-wheel  axle,  answer- 
ing the  same  purpose  as  one  of  those  on  the  axles  o  and  p  in  figs.  469  and 
470.  The  earners,  the  whirls,  the  spindles,  and  their  bands,  in  this  machine 
are  the  same  as  in  the  spinning-Piachine  already  described ;  and  their  situar 
tions  are  so  obvious,  as  not  to  require  particular  characters  of  reference. 
Such  part  of  the  figure  as  consists  of  framing  will  be  obvious.  One  side  of 
the  railway  is  Bjua  to  the  post  K ;  the  other  side  is  fi^  and  rests  upoi> 
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the  iron  fixture  S,  hanging  froioa  the  beam  L,  which  also  serres  the  safi« 
purpose  for  the  adjoining  railway.    X  one  of  the  guide  pulHes  for  the  end- 
less rope.    T  a  rail,  (which  may  occasionally  be  removed,)  laid  across,  and 
answering  the  purpose  of  both  railways,  from  post  V  to  K,  haring  upright 
pins  at  proper  distances,  for  the  purpose  of  bearing  and  keeping  sepaiaxe 
the  yams  oTthe  lower  spindles.    The  hooks  fixed  to  the  under  side  of  the 
beam  L  are  to  answer  tne  same  purpose  for  the  yams  of  die  upper  spindles. 
.  In  order  to  lay  the  yarns  upon  these  hooks,  a   separate  guide  upon  eadh 
spindle  is  fixed  upright  in  a  slender  rail,  fastened  to,  and  projecting  two  or 
tnree  feet  from,  and  parallel  with,  each  end  of  the  machine.    The  shape  of 
these  guides  is  the  same  as  the  hooks  in  the  beam,  with  this  exception,  that 
each  one  has  an  eye  at  the  point,  to  convey  the  yams  in  a  slanting  direction 
from  the  spindles,  and  to  lay  them  upon  their  respective  hooks  in  the  beam 
when  spinning,  and  also  to  lift  them  off  when  vrinding  up.    The  manner  in 
which  the  guides  pass  between  the  hooks  may  be  seen  in  fig.  477,  wheie  a 
represents  the  projecting  rail ;  6*  the  guides,  two  only  of  which  are  marked ; 
it  must  here  be  understood,  that  the  spindles  are  not  opposite  the  eyes  of 
their  respective  guides,  but  exactly  opposite'the  upright  part  of  them,  and 
on  a  level  with  ue  eyes.    There  are  many  other  ways  by  which  the  hookinc 
up  of  the  yams  may  be  effected,  but  the  method  just  described  is  conceivea 
to  be  the  most  simple.    The  space  between  the  post  V  and  the  iron  fixture  S^ 
is  ^he  room  to  be  occupied  1^  the  other  spinning-machine. 

The  spinning-machine,  fig.  479,  is  represented  as  moving  on  a  railway, 
laid  upon  the  beam  L.  It  will  be  seen  that  this  machine  is  nothing  more 
than  tne  lower  part  of  the  one  last  described,  having  no  spindles  on  the  upper 
part.  The  guiae  pins  are  in  this  method  driven  into  the  beam.  The  empty 
space  to  the  right  of  this  machine  is  the  room  to  be  occupied  by  its  li^ow. 
The  letters  of  reference  used  in  fig.  10,  and  its  appurtenances,  apply  to  the 
same  parts  whenever  they  are  used  in  fig.  479,  and  its  appurtenances. 
Thougn these  machines  (the  end. views  of  wMch  are  shown  in  ngs.478  and 
479)  are  different  from  each  other  in  form  and  arrangement  of  maduneiy, 
and  also  from  the  form  and  arrangement  of  the  one  shown  in  figs.  469, 470,  and 
471,  yet  the  same  principle  of  the  travelling  and  cvristing  motions  is  appli- 
cable to  all,  and.therefore  it  is  unnecessary  to  enter  into  rorther  explanatioiB 
respecting  them. 

rig.  AW>  shows  the  method  of  giving  the  after-twist.  As  Xh0'  apparatus 
for  this  purpose  is  to  be  applied  to  each  of  the  endless  rope  shafts  in  eack 
machine,  a  description  ot  the  apparatus  as  belonging  to  one  of  them  may 
be  sufficient.  This  figure  is  a  side  view  of  the  apparatus,  and  is  represented 
as  applied  to  the  shaft  i/,  in  fig.  471 ;  the  same  characters  of  reference  there 
used  oeing  retained  in  the  present  figure,  where  they  denote  the  same  parts. 
The  apparatus  for  the  after-twist  is  merely  an  addition,  which  on  the  lower 
part  of  the  figure  consists  of  a  catch  on  the  under  side  of  the  sheeve  #,  a  cor- 
responding catch  and  catch-box  25,  carried  round  by  the  shaft,  and  the 
lever  or  swinger  26  to  act  on  the  catch-box.  The  rod  23  is  lengthened,  to 
connect  this  swinger  with  the  other  two.  On  the  upper  part  of  the  figure 
is  the  remainder  of  the  apparatus,  consisting  of  a  oUdi  on  the  upper  side  of 
the  catch-box  13;  the  worm  on  a  loose  round  on  the  shaft  27,  with  a  catch 
on  the  under  side,  to  operate  with  its  coriesponding  catch  on  the  calGb4Nn 
13;  the  screw-wheel  2B  to  act  in  the  worm ;  the  arm  29,  on  a  loose  rotnid 
on  the  axis  of  the  screw-wheel,  confined  near  the  circumference  of  the 
wheel  by  the  staple  30,  but  haying  play  the  width  of  the  staple,  the  sod 
of  the  arm  ferthest  from  the  axis  being  intended  to  act  on,  and  press  dovSt 
the  swinger  19;  and  the  spring  31,  fixed  on  the  wheel,  which  preSMS 
Ugainst  the  back  of  the  arm,. 
The  whole  of  the  machinery  in  the  figure  is  represented  out  of  the  get'i 
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ind  ia  in  the  poMtion  as  when  reidy  to  set  off  from  one  end  of  the  spinning- 
groandyto  follow  the  yarns  to  the  windmfl^machine.    In  that  position  it 
ooDtinnes  until  it  has  arrived  at  the  winding-machine,  and  the  yams  are 
disengaged  from  the  spindles  when  the  main  lever  V^  is  lifted  up  by  hand 
into  the  catch  24,  for  tne  purpose  of  putting  the  spinning  and  travelling  mo- 
tions into  ([eer,  as  formeny  described.    1^  the  raising  up  of  this  lever  the 
swinger  19  is  pulled  down,  and  the  arm  29  is  thus  disengaged,  which  hav- 
ing play  within  the  staple,  swings  forward  by  its  own  weight,  clear  of  Uio 
swinger,  which  is  hollowed  or  bent  at  that  place  for  the  purpc^e.    The  ob- 
ject of  this  is,  that  the  arm  may  not  be  in  the  vray  of  the  swinger  19  the 
next  time  it  goes  into  geer  with  the  worm.    Wheo  the  machine  has  returned 
to  the  other  end  of  the  ground,  and  the  yams  consequently  are  spun  to  their 
full  length,  the  catch  24,  on  whidi  the  main  lever  rests,  is  thrown  back  by 
the  machine  going  against  a  fixture  in  the  ground,  as  has  been  before 
mentioned,  and  the  lever  (being  sufficiently  weighted  at  the  handle  end) 
drops  down,  by  which  means  the  travelling  motion  is  stopped.    The  twist- 
ing motion  would  also  be  stopped,  were  it  not,  (as  will  be  seen  from  the 
figure)  that  though  the  catdi-box  14  is  thrown  out  of  geer  with  the  sheeve  # 
on  the  upper  side,  the  catch-box  25  will  be  at  the  same  instant,  and  by  the 
same  movement,  thrown  into  geer  with  it  on  the  under  side,  so  that  the 
twisting  motion  continues.    The  under  side  of  the  catch-box  13,  being 
thrown  out  of  geer  with  the  pinion  A,  (which  stops  the  travelling  motion) 
the  tipper  side  of  it  will  be  at  the  same  instant,  and  by  the  same  movement, 
thrown  into  geer  with  the  worm  27,  which  consequently  ffives  motion  to  the 
screw-wheel  28 ;  the  arm  29  (which  it  will  be  recollected  is  then  hanging 
down)  is  also  carried  round  with  the  wheel ;  and  when  it  comes  in  contact, 
having  nearly  made  one  revolution  with  the  swinger  19,  it  forces  it  down, 
and  by  this  means  puts  the  catch-box  25,  as  well  as  its  own,  out  of  geer,  and 
causes  the  whole  ot  the  machinery  to  stop.    The  use  of  the  spring  31 ,  press- 
ing against  the  back  of  the  arm,  is  to  cause  it  to  force,  as  soon  as  the  catches 
13  ^nd  25  are  out  of  geer,  the  swinger  19  a  little  further  down,  which  it  will 
then  be  enabled  to  do.  in  consequence  of  the  resistance  against  it  being  de- 
creased ;  the  object  of  this  is  to  prevent  any  Jarring  of  the  catches  when  in 
that  situation.    The  spring  is  prevented  forcing  too  &r  by  a  stop.    Another 
method  of  forcing  the  swin|;er  thus  much  further  down  may  be  adopted,  by 
fixing  a  pin  or  &kg  to  project  from  the  framing  of  the  machine,  so  as  the 
end  of  the  spring  above  mentioned  may  come  in  contact  with  it  a  little  be- 
fore the  time  when  the  arm  begins  to  force  down  the  swinger,  in  order  that 
the  arm  may  be  relieved  from  the  pressure  of  the  spring  until  the  arm  has 
forced  the  svringer  dovm  nearly  to  tne  point  of  sending  the  catches  out  of  geer, 
at  which  time  the  end  of  the  spring,  having  got  free  of  the  pin,  comes  with 
a  sudden  blow  against  the  back  of  the  arm,  and  thus  sends  down  the  catches 
dear  of  those  with  which  they  were  in  geer ;  the  springin  this  case  also  is 
preyented  from  fordng  too  rar  by  means  of  a  stop.    The  time  the  screw- 
wheel  is  in  going  round  is  ^e  time  allowed  for  the  after-twist :  but  should 
one  wheel  not  allow  suffident  time  for  the  purpose  the  motion  may  be  farther 
decreased,  by  any  usual  and  well-knovm  means,  and  change  wheels  may  he 
applied  to  suit  the  different  kinds  of  yam. 

In  tempering  the  strands  of  all  kinds  of  cordage,  whether 
shroud,  hawser,  or  cable-laid,  it  is  well  known  that  from 
various  causes  an  inequality  of  tension  between  the  di£ferent 
strands  intended  for  the  same  rope  takes  place,  and  is  most 
cooraionl  V  apparent  during  or  after  the  operation  of  hardening, 
some  of  tne  strands  becoming  too  slack,  others  too  tight,  and 
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oomequently  of  uuequal  lengths,  though  originally  tfary 
may  tuve  been  6f  equal  length,  and  have  feeei?ed  the  nme 
twisting  ornondierof  turns  bv  machinery  of  the  most  improTed 
and  perfect  constrtiction.  m  cases,  therefore,  where  tiiis  io- 
equality  appears,  the  strands  require  to  be  rectified,  by  being 
brouffht  to  an  equal  degree  of  tension,  in  order  thi^  each 
nutybear  its  eqnal  portion  of  strain  in  the  rope  when  made. 
The  operation  for  effecting  this  object  is  commonly  called 
tempering  the  strands ;  and  the  method  in  general  practice  is 
to  gure  moi«  twist  to  a  slack  strand,  or  to  take  twist  oat  of  a 
tight  one,  or  to  do  both.  In  some  rope-grounds  where  the  ma- 
chinery is  driven  by  steam,  or  other  considerable  power,  the 
method  adopted  is  to  give  more  twist  to  the  slack  strsuids, 
which  is  done  by  stopping  the  twisting  of  the  tightest  strand, 
by  throwing  its  hook  out  of  geer,  and  to  keep  it  waiting  m 
that  position  until  the  slack  strands  have  twisted  up  to  the 
same  tension. 

These  methods  in  most  cases  are  defective ;  because  the 
strand  to  which  more  twist  is  given  is  thereby  rendered  less 
pliable,  and  is  of  smaller  circumference ;  oonsequentiy  it  can- 
not top  or  lay  up  in  the  rope  evenly  and  regularlv  with  the 
other  strands  which  have  less  twist ;  for  the  harder  twisted 
one  will  in  the  rope  sink  inwards,  and  tlie  others  stand  out^ 
wards  and  form  more  of  a  spiral  round  the  harder  twisted  one, 
which  will  thereby  have  more  than  its  proportionate  strain 
in  the  rope  to  bear,  and  will  also  be  least  enabled,  when 
under  a  strain,  to  stretch  up,  so  as  to  avail  itself  of  the  as- 
sistance of  the  others,  and  by  consequence  must  be  the  fint 
to  break.  Should  the  inequality  of  tension  be  occasioned  by 
any  original  inequality  of  thickness  in  the  strands,  the  smalle^ 
one  will,  during  the  process  of  hardening,  become  Uie  slack- 
est, and  in  tempering  by  twisting  it  up  to  the  tension  of  the 
tightest,  the  inequality  of  size  will  by  that  means  be  increased; 
for  the  more  it  is  twisted,  the  still  smaller  in  circumference, 
as  well  as  shorter  in  length,  will  it  become.  But,  supposing 
all  the  strands  were  originally  of  equal  thickness,  and  that  the 
inequality  in  tension  proceeded  entir^y  from  an  error  in  the 
original  lengths ;  it  is  plain,  that,  by  tempering  according  to 
the  methods  in  question,  (and  no  other  methods,  after  the 
strands  are  fixed  on  the  hooks,  and  the  work  has  commenced, 
can,  by  any  machinery  hitherto  in  use,  conveniently  be  adopted,) 
the  same  defective  principle  still  applies,  which,  by  causing 
one  strand  to  be  harder  twiajted,  and  oonsequentiy  to  become 
of  a  smaller  size,  and  another  to  be  softer  twisted,  and  to  be- 
come of  a  larger  size^ prevents  the  whole  from  jointly  fonning 
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a  regular  and  perfect  rcpe^  and  to  stretch  equally  when  under 
a  strain,  si8  already  described. 

As  a  more  convenient,  accurate,  and  certain  method,  than 
any  hitherto  practised,  appeared  to  be  necessary,  Mr.  Dun- 
can invented  and  adopted  a  new  mode  ot  tapering  the 
strands  of  all  kinds  of  cordage,  whether  shroud,  hawser,  or 
cable-hud :  the  nature  and  general  principle  of  which  is>  to 
cause  an  V  one  strand-hook  (rf  the  foreboard,  or  fi>reboMd-ma- 
chine,  when  the  strand  attached  to  it  requires  tabe  t^tened, 
to  recede  from  its  corresponding  opporite  hook  of  the  sledge 
or  stranding  machine,  to  which  the  other  end  of  the  strand  is 
attached ;  or  when  it  requires  to  be  slackened,  to  cause  it  to 
advance  towards  its  conrcqxMNUng  <^posite  hook,  thus  bring- 
ing all  the  strands  to  an  equal  tension,  without  one  strand- 
ho^  making  more  revolutions  than  another.  And,  what  is  of 
essential  importance  to  this  invention,  the  operation  may  be 
pcffbrmed  leisurely,  as  occasion  may  appear  to  require,  either 
befbre,  during,  or  after  hardening  the  strands,  without  stop- 
ping the  twisdng,  or  other  motions,  or  occasioning  any  inter- 
ruption to  them  whatever;  and  with  more  ease,  minute 
accuracy,  and  useful  effect,  than  by  any  other  method  yet 
practised  for  the  purpose. 

In  order  morfe  particularly  to  exempli^  and  illustrate  this 
part  of  the  invention,  we  have  annexed  engravings  of  the 
machinery  which  Mr.  Duncan  has  contrived  and  adapted  for 
the  purpose. 

In  fie  it,  A  B  C  represent  the  upper  part  of  the  framing  in  which  the 
machin^ji^flfTaced  at  the  foreboard,  is  nxea;  C  being  the  front  of  it,  facing 
or  looking  abwn  the  rope-walk.  D  is  a  toothed  wheel,  receiying  motion 
from  any  external  machinery.  This  wheel  drives  the  other  toothed  wheel  £, 
and  %Hber  of  them  can  be  dbanged  to  suit  the  speed  of  the  motion  required. 
The  toothed  wheel  E  is  fixed  upon  the  axis  of,  and  gives  motion  to,  the 
toothed  wheel  or  fluted  cylinder  F ;  which  cylinder  drives  the  four  pinions 
J,  2,  3,  4,  whose  axles,  to  the  hooks  of  which  the  rope  strands  are  attached 
when  twisting  and  tempering,  are  the  four  strand  book  spindles  a,  b,  c,  </. 
To  answer  the  purpose  of  the  invention,  the  strand  hodc  spindles,  besides 
hcving  the  rotative  or  twisting  motion  which  we  have  already  described, 
are  so  contrived,  for  the  tempering  of  the  strands,  that  any  one  or  more  of 
them  may,  while  the  twisting  motion  is  or  is  not  going  ou,  be  made  to 
slide,  in  a  horizontal  direction,  parallel  with  the  axle  m  the  cylinder  F, 
along  any  part  of  its  length,  either  backward  or  forward,  as  shtdl  now  be 
explained.  The  strand  hook  spindles  having  to  slide,  as  has  been  said,  in 
a  dtrectsoA  parallel  to  tlte  axis  of  the  cylinder,  are  of  course  placed  in  that 
direction,  and  so  as  their  pinions  may  pass  each  other.  The  positions  of 
these  pinions  round  the  cylinder  are  seen  in  fig.  482,  which  represents  a 
iront  view  of  the  machinery;  the  same  references  in  eadi  figure  being  used 
to  denote  the  same  part.  As  all  the  four  strand  hook  spindles,  with  their 
accompaniments  and  immediate  connections,  are  precisely  the  same,  a 
description  of  one  will  be  su£Bcient ;  we  will  therefore  take  the  spindle  b, 
in  6g,  481.    G  H  ii  a  long  or  male  screw,  a  fiew  inchat  longer  than  the 
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cylindeTy  upon  which  is  fttted  the  nut  or  female  screw,  e,  having  spok»  of 
arms,  to  admit  of  it  being  turned  by  hand.    Joined  ftust  to  this  long  fioew 


is  a  head-piece  or  daw  f,  within  which  a  carrier  or  "step  is  fitted,  and  in 
which  the  adjoining  end  of  the  strand  hook  spindle  rerolTes.  Two  coUao, 
g  wad  h,  fitted  on  ue  spindle,  one  on  each  side  the  step,  cause  the  spindle 


to  accompany  the  long  screw,  either  badcward  or  forward,  when  moved  hj 
turning  the  nut  e,  the  rotative  motion  of  the  spindle  going  on  at  the  same 
time  if  required ;  t  and  k  are  two  steps  or  guides,  fixed  on  the  crosi 
framing  B  and  C,  through  which  the  spindle  may  pass  and  repass,  and  in 
which  It  also  revolves ;  /  is  a  carrier  of  the  same  ctescription,  fixed  oo  the 
cross  framioff  A,  through  whidi  the  long  screw  may  pass  and  repass,  bet 
without  revdying.  Fast  upon,  and  projecting  from  the  head-piece/,  and 
consequently  accompanying  the  long  screw  and  spindle  in  the  hiding 
movement,  (see  {tie  side  view,  fig.  483,)  is  the  tongue  m,  the  end  or  point  of 
which  is  fitted  to  pass  along  during  that  movement  in  a  slot  in  the  rail  i, 
fixed  parallel  wiu  die  long  screw  and  spindle,  between  the  two  cran 
bearers  A  and  B. 

The  object  of  this  contrivance  is  to  prevent  the  s^mdk 
(one  end  of  which,  as  has  been  shown,  revolves  withm  the 
head-piece  of  the  lonsr  screw)  from  carrying  round  the  screw 
along  with  it,  and  to  Keep  the  screw  and  itp  head-piece  at  aU 
tunes  steady,  and  in  a  direct  line  with  the  spindle.  For  the 
purpose  of  keeping  the  long  screw  stationarv  in  the  situation 
to  which  it  may  have  been  last  set,  the  pull  of  the  strand  on  the 
hook  (by  pressuig  and  abutting  the  screw-nut  e  agamst  the 
back  of  the  carrier  /)  will  alw^s  be  found  to  be  sufficient 
The  diameter  of  the  cylinder  F  may  be  about  two  feet,  and 
that  of  each,  of  the  fore  pinions  1,  2, 3,  4,  about  one  foot, 
more  or  less,  according  to  the  speed  desbed,  and  the  discre- 
tion of  the  mechanic.  The  pitch  of  their  teeth  should  be  the 
same  as  that  of  the  teeth  of  the  cylinder.  The  length  of  the 
cylinder  should  at  least  be  equal  to  the  greatest  difference  or 
inequality  of  length  ever  likely  to  take  place  between  the 
slackest  strand  and  the  tightest  strand  intended  for  the  same 
rope,  previous  to,  or  during,  the  operation  of  hardening,  when 
they  are  both  brought  to  an  equal  tension  by  tempering 
according,  to  this  method.  The  inequality  of  length,  or,  ia 
other  words,  of  tension,  which  takes  place  in  the  strands 
during  the  process  of  hardening  them,  is  generally  found  to  be 
in  proportion  to  their  circumference,  and  is  more  in  a  set  of 
the  large  strands  than  in  the  small.  In  rope-walks,  therefore^ 
where  cordage  of  the  largest  size  is  manufactured  for  the  use 
of  his  Majesty's  navy,  the  length  of  this  cylinder  should  not 
be  less  than  four  feet ;  but  Mr.  Duncan  has  found,  by  expe- 
rience, in  manufacturing  cordage  for  merchantmen  of  the 
greatest  burthen,  that  few  cases  occurred  where  it  was  requisite 
for  the  length  to  be  more  than  three  feet.  In  rope-walkt 
where  cordage  on  the  conmion  principle  b  manu&ctimsd,  soine 
additional  length  is  necessary.     Each  of  the  four  pinionf  it 
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fiwtaied  upofn  the  micUle  of  tfie  length  of  ito  strand  hook 
^indle.  Suppotdug^  therefore,  that  Uie  pinion  2  should  be 
set  80  as  to  be  exactly  at  one  end  of  the  cylinder  next  to  the 
cross  framing  B,  it  must  be  enabled  to  slide  along  to  the 
oroosite  end  next  the  cross  framing  C^  arid  also  back  again 
to  B  3  for  this  purpose  the  spindle  must  dways  be  kept  iu 
its  steps  or  carriers,  t  and  kj  which  sujpport  it,  and  m  which 
it  both  slides  and  revolves,  and  therefore  it  requires  to  be 
double  the  length  of  the  cylinder,  besides  an  additional  length 
equal  to  the  spaces  in  its  passage  occupied  by  the  necessary 
steo^  framings  clearances,  &c«  The  length  of  the  long  screw 
G  H,  and  of  the  rail  n,  are  eadi  the  length  of  the  cyKnder, 
wmd  correspond  with,  or  are  a  few  inches  longer  than  the 
hiding  durance,  to  allow  for  steps,  &c.  as  atx>ve.  It  has 
been  shown,  that  the  cylinder  drives  the  four  strand  hook 
sphidles,  and  that  any  one  ot  them  can  be  moved,  hy  means 
of  its  screw,  either  badLward  or  forward,  without  interrupting 
its  own  rotatory  motion,  or  the  rotatory  motion  of  any  of  thi^ 
others;  the  teeUi  of  the  pinions  being  for  this  purpose  kept 
in  geer  with,  while  at  the  same  time  they  are  made  to  slide 
along  between,  the  teeth,  or  in  the  flutings  of  the  cylinder. 

Suppose,  then,  that  the  strands  are  attached  to  their 
tetpc^w^e  hooks,  and  the  pinions  set  so  as  to  be  all  at  an 
equxA  distance  from  eadi  end  of  the  cylinder,  and  all  the 
strand  hook  i^iindles  going  round,  twisting  and  hardening 
the  strands,  the  operation  ot  tempering  is  performed  merely 
by  turning  round,  by  hand^  as  often  as  required,  any  one  or 
more  of  the  serew-nuts  either  way  about,  as  the  case  or  cases 
may  require,  according  as  any  one  or  more  of  the  strands 
require  slackening  dr  t^tening  for  bringing  them  all  to  an 
equal  tension.  Inus,  in  order  to  slacken  a  tight  strand,  its 
hook  must  be  advanced  forward  further  from  the  front  of  the 
framing  C  ;  and  in  order  to  tighten  a  dack  strand^  its  hook 
must  1^  drawn  iu,  towards  the  framing. 

Fig.  484  is  a  side  yiew,  representing  tome  Tariatiofi  in  the  madiineiy  for 
effecting  the  lUding  moTement  of  the  ttnnd  hook  tpindles  on  the  rame 
nrincip^  and  answering  the  same  (mrposes»  as  the  plan  in  fig»  481,  already 
described.  After  the  rail  descriptions  and  explanations  ahready  given,  a 
Teiy  short  acconnt  will  be  sufficient  to  make  this  fully  understood :,  ^  is  a 
strand  book  spindle,  simihir  to  those  in  fig.  481,  excepting  that  the  ^roion 
t  is  not  made  &st  upon  it,  because  it  has  to  pass  or  shde  through  the  axle 
bole  of  the  pinion.  In  ordes  that  the  spmdle  may  at  the  same  time 
RTolye  with  ttie  pinion,  the  slot  10  is  cut  upon  one  side  of  the  spindle, 
(the  length  of  the  slot  being  the  sliding  distance,)  which  slot  receives  a 
mther  or  key  in  the  axle  ho»  of  the  pinion,  throuj^  which  the  slotted  pait 
of  the  sptodle  is  to  pass  aad  repass,  as  occasion  may  require,  the  imher 
shviyB  Tsmsining  m  the  slot  to  carry  round  and  give  the  lotatoiy  or 
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twiitlng^  mbfibti  to*  thM  tfnttdfe;  'Hk  ports  /  ^y  a&d  A  aie  encite^  tW 
fame  as  the  parts  wliich  have  t&#  sime  characters  in  fig.  481.  I  is  a  iitt,  (to^ 
answer  Sesame  pOrpobe  as  the  kmc  screw  in  fig.  481,)  which  the  pinion  4^ 
by  means  of  the  hanale  p,  mo?es  either  backward  or  forward,  the  tttdMC- 
wheel,  ff,  and  its  catch,^o1d  the  rack  and  piiiion  ^tionary  in  'dte  ^tastitft 
tfo  whicH  they  may  b^e  set*;  ii  and  k  are  tbe  steps  in  w4iieh  the  spisAs 
i^ohres,  aild  through  which  it  also  slides;  rr  are  two  ritigs  or  WdA^ 
1<K>se  upon  the  spii^le,  between  the  steps  t'l  and  the  piiuon  2,  intended  t» 

rify  the  finctum  during  both  die  sliding  and  the  rotatory  opertion  of 
spindle ;  #  is  a  guule  or  step  for  the  rack  to  slide  in,  made  squire  at 
tiie  bottom,  irhich  rebders  ^e  tongue  and  slot,  showii  in  figf.  48S,  utiMMi' 
saiy.  The  whee!  K,  recei? ing  nibtlbn  from  any  eactemal  machineTy,  imes 
die  pinion^.  Change  >«faeels,  for  rarying  the  matkm,  amy  beappWlts 
this  mediod  in  the  tame  way  as  in  fig.  481. 

From  wMit  biis  already  \Mem  doRribed,  it  wUl  aweary  thl 
the  strand  ho6k  spindle  majr,  %  meaaa  o£  the.  ciidrl  aaid 
pinion  o^  ,be^  drawnr  tfr  -aUded  either  backward  or  bmai^ 
through  its  plnioil  2,  withonatintermptiiig'its  rotatory  motion; 
ttie  pititon  2  always  keeping  in  gieer  ^smh  the  wheel  K,  by  wfaidt 
it  is  diiyen>  and'  which  letter  lAay  recdTe  its  motion  fnm 
any  external  maehinery.  Referring,  therdore^  to-tte  fonniBF 
deBcription>  it  wfll  be  evid^nt^  withotit  further  explanation^ 
by  what  meaiii»  the  sti'and^  are  to  be  tempered,  by  this  Tariation 
in  the  ifeiachineiir. 

The  reader  vi^Uobaeh^  that;  Uiere  are  two  principles  hf 
Which  the  strdnds  of  cold^igb>  niay  be  tempered  or  brongtit  tO' 
atl  eqnftl  tendon ;  die  Ode  by  causing  aiqr  one  or  more  of  the 
strand  hook  spindles  either  to  advance  or  recede,  whereby  aa 
^fqual  teiisien  wUI  be  effected  witho\jit  one  spindle  making  more 
revolutions  tfittii  another ;  and  the  others  that  of  causii^  anf 
one  or  morfe  of  the  stmnd  hook  spindles  to  be  ut  rest  while 
the  oth^ts-  ai^  ttrolvii^ ;  whereby  an  equal  teobioh  wffl  be 
^ffisoted  by  an  unequal  number  of  revimitibn&  If  one  of 
thdse  two  princlplee  only  is  to-  be  adopted^  Mr.  Duncan 
prefers  the  mrmer^  as  being  generally  mcnre  appropriate  lad 
effectual.  As,  however^  it  sometimes  occurs  in  practice* 
tiftit  the  applieation  of  the  one  principle,  sonietimes  of 
the  Other,  acild  sometimes  of  both^  proves  to  be  the  moflt 
proj^er  and  effectual  remedy,  Mr.  Duncdn  has  invited  t 
still  more  perfect  method,  by  which  either  or  both  of  tiie 
winftiples  may  be  practically  applied  in  one  set  of  machin^. 
This  object  which  iwd  never,  we  believe,  been  l>efare  accom* 
plishcd,  is  eflfectfed  merely  by  sf^plying  to  either  of  the  t#(> 
varieties  of  machineiy  befori^  described,  anitdditfanat  apps- 
ratus,  so  that  all  kinds  of  cordage-strands  may  tliereb^  be 
tefcnper^d,  eitiier  entirely,  by-  the  principle  of  cdo&iog  say 
one  or  mOi^  of  (he  strand  heok  spindlea  to  adianee  «r 
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recede)  or  entirely^  by  caunng  any  one  or  mort  of  the 
strand  hook  spindles  to  be  at  rest  while  the  others  are 
reirahring ;  or  {Nurtly  by  the  one  and  partly  b^  the  other^ 
wtcmdbkg  as  the  original  cause  occasioning  the  inequality  of 
tension  in  the  different  strands  may  point  out|  the  whole^  or 
any  part,  of  the  operations  going  on,  either  together  or 
separalely,  as  may  be  found  convenient,  without  interruption 
to  eacli  other* 

Fig.  485  is  a  plan  showing  the  additional  machineiy  fbr  tempering,  by 

combining  the  two  principles  as  adapted  for  the  first  described  machinery^ 

Tepresented  in  fig.  481.    The  difference  between  the  machinery  of  fig.  481, 

and  that  of  fig.  485,  consists  chiefly  in  the  latter  having  its  pinion  2  loose 

upon  the  twisting  spindle  h,  but  confined  between  two  collars,  which  are 

fast  upon  the  spindle.    The  reason  of  the  pinion  running  on  a  loose  round 

i9«  that  it  may  be  either  put  in  or  out  of  geer  with  the  spindle,  by  means  of 

the  catch-box  i  and  lever  u.    The  catch-box  has  a  slot,  .fitting  a  feather 

on  the  fpindle,  in  order  that  it  may  revo^ye  with  it,  as  well  as  slide  fat  or 

out  of  geer,  when  moved  by  the  leVer.    The  ratchet-wheels  v  and  w  are 

.  £ut  upon  the  spindle,  one  having  teeth  cut  the  reverse  of  the  o^er,  that 

either  of  the  two  palls  x  and  y  may,  when  the  spindle  is  thrown  out  of  geer 

with  the  pinion,  prevent  the  strands  from  untwisting,  as  otherwise  the 

•pindle  would  be  at  liberty  to  be  acted  upon  by  the  force  of  twist  already 

in  the  strand.    The  pall  y  is  flat  towards  the  pofnt  fbr  holding  against  the 

latchet-wheel  to  for  a  right-hand  twist,  and  the  pall  x  is  hooked  towards  its 

point  fbr  holding  the  wheel  v  for  a  left-hand  twist.    So  far,  this  apparatus 

would  serve  the  purpose  either  of  keeping  in  geer,  or  stopping  the  rotatory 

modon  of  the  spindly  provided  it  were  not  also  required  to  perform  the 

sliding  movement.    In  order,  therefore,  tO  complete  the  apparatus  for  both 

these  purposes,  the  arm ;:,  fiistened  to  the  claw  or  head-piece/,  and  forming 

one  piece  with  the  long  screw  G  H,  stretches  alongside,  parallel  with  Ae 

spindle,  so  that  its  other  end  is  nearly  opposite  to  the  pinion,  where  it  it 

fiimished  with  two  ears^  hating  each  an  eye  or  Hng,  7  and  7,  fittis(|  easy 

upon  the  rooad  inm  rod  6 ;  which  rod  is  fixed  parallel  with  the  spmdle^ 

betwee*  the  erass  finuning  B  and  C.    The  step  9»  on  the  cross  frammg  B, 

serves  as  a  guide  for  the  arm  x.    It  is  necessary  tiiat  the  distance  between 

B  and  O  should  be  as  much  longer,  than  the  distance  in  fig.  ^1,  as  the 

tength  taken  up  or  occupied  l^  the  caileh-box  and  ratchtt-wbeek.    Ihe 

spindle  also  will  require  this  additioiud  ltti|^    The  arm  s,  dating  the 

sUdnif  meveSDtnt,  has  to  ooadnct  with  it,  along  the  rod  8,  the  lever  y,  and 

the  two  ratdttt  palls  4r  and  y,  the  rod  serving  them  also  as  a  guide  during 

the  iUding  movement,  and  at  all  times  as  an  axle.    Though  me  pinion  t 

is  always  in  geer  wiO,  and  carried  round  by,  the  ^linder  F,  fig.  481,  yM 

flie  spio^  only  goes  round  when  put  in  geer  with  the  catch-box  by  the 

lever ;  therefore  the  rotattny  moHoa  of  the  spindle  may  at  any  time,  and 

Sbr  la^  teaoi  of  time,  be  stopped,  fbr  the  purpose  of  causing  the  twist  o 

its  stiana  to  cease,  while  al  the  same  time  the  ofher  strands  are  twisting 

tip.    Though  only  one  spindle  Is  here  spoken  of^  it  is  evident  that  all  or  ^ly 

OTfbem  nay,  lieom  being.  furnisM  with  the  appamos  now  desotibed,  be 

BCii  etthftr  to  giwe,  or  eeure  fron  giving  twitf,  while  any  one  or  more  of 

tItspinAaa  eiiStr «ay eriMCy BOt»  as requiredi be  peiforming  the  sliding 


Tig.  486  is  a  side  view,  showing  ihe  method  adapted  for  the  second 
diicribed  madubery,  arreprotot^ln  fig.  484|  ^  l^pptfttas  in  this  ean 
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applylDg  to  tbfrnftnow  wheel,  and  that  in  the  former  case  of  %.  485,  infill- 
ing to  the  wide  wheel  or  cylinder  F.  The  difference  between  the  one  waS 
the  other  is,  that  the  spindle  and  pinion  in  fig.  485,  slide  together,  irt  iff 
%.  481,  whereas  in  the  figure  now  to  be  described  the  spindle  tMM 
through  the  pinion,  as  in  fig.  484.  The  tpindle  b-  in  this  figoi?  is  aiinibr  l» 
that  in  fig.  484,  having  a  slot,  to  receive  a  feather,  which  is  fiied  in  the 
oatch-box  t.  The  pinion  2,  which  is  alwajts  in  geer  with  the  whed  K,  is 
fastened  on  the  busn  ll^  running  loose  upon  the  spindle  b.  This*  budi, 
being  furnished  with  die  collar  12,  senres,  bv  means  of  its  revolting  in  the 
cavity  13,  adjoining  the  step  f,  to  keep  the  pinion  in  its  proper  plwe, 
during  the  spindle's  sliding  movement :  t  and  k  are  two  steps,  answenng 
the  same  purpose  as  those  of  the  same  charturtiers  of  reference  in  fig.  484  : 
tr  and  w  are  two  ratchet-wheels,  6ist  to  each  other,  but  not  htst  on  the 
spindle,  having  a  feather,  fitting  the  slot  of  the  spindle,  in  order  that  th^ 
n»ay  hold  it  fast  when  occasion  requires;  and  that  it  may  pass  and  reptsi 
throneh  them  during  the  slidbg  movement:  These  ratdiet-wheels  ax 
furnished  with  their  two  palls  x  and  y,  altogether  answering  tHe  same  par- 
pose  as  those  described  in  the  former  fig.  485.  The  catcti-box  f^  having 
also  a  feather,  fitting  the  slot,  is  furnished  with  a  lever,  (not  shown  in  tk 
figure,)  answering  me  same  purp<Ae  as  the  one  markea  n,  in  f^.^  485 ;  hot 
to  suit  the  present  case,  it  works  on  a  stationary  pivot,  fixed  to  tHe  {ranung 
of  the  machine.  The  two  ratchet  palls  also  work  on  pins  fixed  to  the 
framing ;  and  their  wheels  v  and  ur,  being  furnished  with  the  rim  or 
fencing  14^  are  kept  always  opposite  to  the  palls,  by  means  of  a  bracket, 
(fixed  to  the  framing,  bub  not  seen  in  the  figure,)  hollowed  <mt  to  rdeem 
the  rim.  It  will  be  evident,  from  what  has  here  been  said,  that  the  opot- 
tion  of  striking  in  and  out  of  geer  the  rotatory  motion  of  the  spindle  is 
performed  exactly  in  the  same  manner,  and  also  answers  the  same  pnrnose, 
a»  that  described  under  fig.  485-;  and  that  the  sliding  movement  oi  the 
spindle  in  both  cases  is  performed  in  the  same  manner,  and  answers  the 
same  purpose,  as  descrioed  under  figs.  481  and  484,  either  one  or  other  of 
the  Tuethods,  under  figs.  485  and  486,  combining  the  two  prindplet  of  tem- 
pering strands  in  the  manner  previously  pointed  out 

Though  in  the  fint-deBeribed  maebiiiery  il  has  been  sIiowd^ 
that  the  siting  movement  of  the  stuand  hooks  may  be 
effected  by  means  of  a  male  and  female  screw,  and  fai  the 
second-described  machinery  by  that  of  a  rack  and  pinion, 
yet  it  will  be  seen,  that  either  means  may  with  equal  pro- 
priety be  applied  to  either  machinery*  And  a  competent 
tnechanic^  from  what  has  been  described,  will  easily  perveife 
that  any  other  power,  such  as  that  of  a  lever,  weight,  or  lope 
and  pulley,  or  one  or  more  of  them  combined,  may  be  i^pfdiiM 
for  the  same  purpose,  tiiough  in  the  firai  preference  be  f^fts 
to  the  screw,  and  in  the  next  to  the  rack. 

The  next  pait  of  the  invention  to  be  described  is  s 
hew  method  of  regulating  both  the  badtward  and  forward 
travelling  movements  of  any  sledge  or  other  locomotiiw  na* 
ehine  that  is  or  may  be  used  in  a  fope-*walk.  The  bifik- 
ward  movement  of  the  strttnding<^sledge,\o»  ihe^rsCve^Nrie 
movement  of  that  machine  towards  the  bottom  of  the  rope- 
walk  by  wbieh  stjrands  are  drawn  out,  m  rope-walks  where 
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iSie  improved  or  {Ment  prihdple  of  rope^bisking  Is  ndopted» 
hta  hitherto  been  eflbcted  by  means  cf  a  rope  applied  in 
'dSflerent  ways  for  the  purpose.  In  some  cases  tbe  rope  is 
made  to  haul  thefkdge  backwards,  by  fiisteniiig  one  end  of 
it  to  Uleslef^e,  and  trc  other  wmnd  (the  capstan  or  barrel, 
.at  the  bottom  ^f  tint  rojpe-nralk;  and  in  otiier  cases  the  n>pe 
ia  siretdied  tiAt  along,  and  made  &st  at  each  end  of  the 
rope-waBc,  ana  two  oe  laore  doubles  or  bights  of  it  pftssiog 
round  and  grasping  the  same  number  of  grooved  bimUng 
aheeves  in  the  sle^e,  which  rewlye  by  connection  with  the 
rotative  motkm  of  the  strand  hooks^  irom  Avbtch  the  other 
jnotioiis  are  derived: 4hu8  the  sledge  works  itself  bickwards 
dong- the  rope. 

The  great  object toiie  attained  incegukrting  this  badmard 
motion  is,  to  cause  it  always  topreaerve  a  certain  spe^^l  in  .a 
given  ratio  with  that  of  the  rotative  motion,  in  curder  that  the 
atrands  may  always  receive  the  d^ee  and  uniform  distribution 
.of  twist  intended.  ;But4n  whatever  way  a  jrope  has  hitherto 
been  am>Hed  for  that  purpose,  the  object  has  -never  been 
effectoauy  attained,  northe  operadon.oonveniently  performed, 
because,  from  the  elasticity  and  specific  gravity  of  the  rope, 
itself,  extended  along  the  ^whole  length  of  the  rope- walk,  it 
has  been  found  impossible  to  keep  it  accurately  stretched, 
and  equally  tight  ^m  one  end  to  the  .other,  so  that  ^whui 
tbe  sledge  is  -in  motion,  particdariy  When  first  struck  into 
geer,.it  puHs  im  the  «ladc  of  the  rope  feom  the  bottom  of  the 
lope^wauc,  ana  its  retrograde  motion  .is  'thus  retarded  in 
;proportion  as  the  r^e  may  atretdb,  ^lip^  «r  give  \my. 

The  retrograde  motion  loses  therefore  its  relative  speed 
commensucste  with  that  of  the  rotative  .motion  of  the  strand 
hooka,  which  have  in  the  mean  time, , without  interruption^ 
coatimied  cto  put  twist  into  the  etrands.  Instances  aire  not 
anfrequent  where  they  iuure  been  twisted  to  such. a  desree 
aa  neafty  ^  bveak  them  asunder  before  the  jfope  could  be 
lightened  diffidently  to  cause  Ihe  :Dledge  to  move  on  at  its 
pioper  speedy  and,  on  the  /whok^  it  is  obvious,  that  by  the 
ftetmi  Boelhod  of  drawing  out  the  strands,  the^  can,  neither 
receive  their  proportionate  twist  nor  tbe  distnbation  of  it* 
Hie  laboor  required  in  applying  the  rope  is  besides  .extreme^ 
iaoonvenient  and  troublesome,  because  it  requires  to  be  fini 
fixed  to  the  sledge,  or  round  its  binding  sheeves,  at  the  .top 
of  the  rope-walk,  then  t^tened,  and  afterward  disengaged 
it  -tf»  -'botlotti,  on  every  mf^  occasion  of  drawing  out  ^ 
ateaod  or  iet  of  strands.  The  jdan  also  is  expensive,  because 
Hke  constant  wear  and  tear  is  considerable,  and  requires  tbe 
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n^  to  be  frequently  imewed.  An  itvm  uMn  raxf  indeed 
be  applied  for  the  purpoM,  and  tboiigh  opt  reqidnug  to  be  so 
frequently  renewed,  it  is  equaUy  otyeetioofJ^le  with  the  top 
in  moft  other  respects,  and  on  some  aeeoof  t#  Biore  so*  Tm 
forward  movement  of  the  atsapdinf  ,  4oppui&  and  draggiiig 
sledges,  is  that  dow  progressii^  tnoriHPepit  necessariiy  le^ 
quired  towards  the  tc^  of  the  ropei^FraDc  bv  the  shortemog  w 
^shrinking  up  of  the  strands  in  twtstattg»  wj^le  forminf  on  the 
iMiiiiion  prindple,  and  of  the  stnuids  and  4X>irdage,  either 
common  or  patent,  whibt  hafdeniog  and  topping*  It  will 
i^eadily  be  seen,  that  this  nMyrement  should  lOsobe  unifomdy 
regular,  in  a  mesa  pcoportioa  to  the  twisti^  motion,  and 
that  the  travelling  distance  should  be  neither  naore  nor  less 
dian  t^  length  the  strand  or  rope  oi^ht  to  shrink  iqp. 
According  to  the  usual  mediod,  a  number  of  press  barrels  or 
weights  are  placed  on  the  stranding  or  topping  sledge  or  on 
a  d^  sledge,  attached  to  theb  tail  ei^  to  serve  as  a  resist- 
ance against  the  pull  of  the  atrand  or  rope  when  ahwnkirg 
up.  Bat  as  the  qnantity  of  weight  ^  be  appUed  is  to  be 
varied  and  proporttoned  to  the  siaeof  the  strand  or  rope»  and 
degree  of  twist  required,  and  as  tiie  friction  of  the  drag  oa 
the  ground  is  greater  on  aoue  parts  than  on  others,  tbe 
aperalMMi,  depending  on  ctiteiions  so  uncertain,  amsl  be 
attended  ^rith  a  great  degree  of  srreguhirity,  both  with  r^aid 
tb  the  dkdffe  sliding  fester  or  slower,  and  also  with  veg^  to 
iSie  whole  length  to  ^«4iich,  eveutoally,  it  may  he  dn^ggedj 
thereby  ^>ccasioning  a  prfqKvtioBate  irregvlaritj^^  botli  in  tht 
distribution  and  total  quantity  of  twist  or  %  u  tbe  atrauds 
^  rope,  coiresponding  with  their  lengUi. 

The  object^  th^efore,  of  tUs  invention,  with  r^^gard  to  tbe 
htck%0«td  movement,  is>  to  cause  the  sledge^  or  any  odier 
locomotive  or  travellliig  machine  used,  or  tlMUt  nmy  be  used, 
in  a  rope-walk,  to  tram  and  recede  down  the  ^ihSk  atone 
uniform  speed,  such  as  shall  be  predetermined  as  preportioi»- 
ate  with  the  rotatory  speed  of  the  twistie^  books  qi  the 
machine,  «o  as  to  cause  the  twist  to  be  imifptmly  regular 
throughout  each  (^ration.  And  the  ohjeetof  this  inveotioB, 
with  regard  to  the  ybne;ard  movenffittt,  is,  to  cause  the  sidlge, 
or  odier  movable  machine,  to  whidi  any  kind  of  atrand  er 
rope  may  be  attached,  fcnr  the  puipoae  d  being  fonaedf 
hardened,  or  laid,  to  travel  slowly,  and  advance  up  the  mlk, 
during  tiie  open^on,  at  one  uniform  predetermined  motioai 
and  precisely  tbe  kngth  or  distance  assigned  to  it^  e^nal  to 
that  which  the  stranda  or  aqpe  ougU;  to  ahrink  19  m  the 
operatieih 
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MmAog  stated  the  obyect  of  this  pftrt  of  the  mpeotio^, 
ure  $linH  now  proceed  to  show  that  <Im  natarc  md  fundar 
mental  principle  of  it,  and  the  means  f6t  accurately  and 
conFemeQ;kl]r  attaiuipg  all  the  objects  ip  view,  .botli  yn^ 
rtgasd  to  tlie  backvard  and  forward  mavemeot,  ioonsist  w  a 
jadc^  or  raek-way,  of  cast-iron,  or  other  suitable  mateiiiil/ 
laid  down  and  fixed  upon  and  along*  the  rope- walk,  fit>m  o^e 
end  xif  it  to  the  totjier^  parallel  with  a  railway,  upon  which 
the  atruidiQg  aledfe,  or  any  other  sledge  or  locomoUyp 
macfaioe,  is  to  trard.  Hie  teeth  <jt  the  «sdc-ainqr.a^.of  the 
tMune  pitch  as  the  teeth  of  a  wheel  whose  axle  is  in  the 
mftchine.  The  motion  of  this  \i1ieel  being  ^ven  and 
gfprimi^d  hf  the  oUier  motioof  in  the  machiue  which  tiurx^ 
the  twisiiitg  hooks,  the  travelling  speed  4)f  tlie  madbinet 
.whether  wortcing  backward  or  forward,  becomes  0t  all  tmes 
:ipiifor9i^  and  In  a  given  certain  ratio^  with  the -speed  of  its 
^wist^ug  motifon ;  for  the  whole  np^hiniMfy  being  ^composed  of 
geer  and  toothed  work»  no  part  of  i%  is  baUe  jbo  slip  fi^  9^4- 
The  required  speeds,  both  ^  trawdUng  and  tudfltinj^  motiona, 
ore  a<^u8table  bv  change  wheels,  i»  at^  each  other  in  that 
machine,  as  Fell  as  m  any  otb^  mac^lune  pr  machines  that 
iiouiy  be  emfioffAinonf^  »uathe  aam^  opieratjpn*  The  whol^ 
maehiaery  bm^  be  driftea  by  an  <eiifHess  ro^pe,  «ecemng  its 
motion  from  external  mac^nery  at  the  4op  of  the  ro^-waH^ 
or  by  Wy  other  mean9  in  use  for  ^vin|^  locomotive  ma* 
finery  j  for,  we  ueied  scarp^y  qimxvt^  that  it  is  nQ(b 
fiecesaary,  for  the  puqpose  .of  psadueii^acpurat^  wor|[,  jtt^lt 
<the  motion  wMch  governs  •aH  (the  others  43bauki  beomilbem, 
because,  whether  the  original  motion  be  qmcker  ^r  slower 
at  one  tioMS  th^ys  another  duxing  the  opejcatipi^  the  motionp 
dependant  <m  it  wiU  <ftUl  keep  tbieJir  {extortionate  speed. 
The  oidv  diSerence  wffl  be  in  Ae  time  in  which  the  wodc 
may  be  finished.  We  have  mentioned  the  particular  cases 
In  which  this  part  of  the  invention  is  more  essentially  nsefiil; 
but  Mr.  Dupcao  claims  the  application  of  the  rack^  in 
manaer  dosoibed,  as  an  inventioii  subiervieut  to  «i/9eiy 
jmtpose,  in  any  stfuze  or  prooess  of  rope-makiag,  for  which 
regularity  of  tmvening  motion  to  any  machine,  either 
bs^kward  or  forward,  in  a  rope-walk  or  elsewhere,  may  be 
required 

In  that  part  of  the  drawing  eiitifled,  **Ba<ikward  and  Forward  Alore- 
ment,"  fig.  487  iepxe$enis  the  side  view  of  atravctting  sledge,  or  locomotire 
machioe,  of  the  aescriptioii,  and  for  the  purposes  referred  to,  morhig  on 
the  railway  MM.  A B  is  a  side  view  of  the  rack-way  laid  down  and 
fixed  pn  the  wood  sleeper  N  N,  or  other  suitable  materi^  mipposel  as 
extcodiog  from  tiie  top  to  the  bottom  of  the  rope-ground.    Hiis  maciiine 
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It  represented  u  dtiven  by  the  endless  sopeO;  13  and  14  are  tvogidSt 
pulUes,  tp  conduct  tli^  roge  in  going  on  an^^coming  off  the  large  sbeefeAC 
froovfd  wheel  P,  hnmd  Much  that  rope  (driven  hf,  ei^^^urt  JPIgfcJIMIjfi 
bottom  of  lh4{  rope-ground)  passes^oy  ^ 


and  running  froin  top  to  bottom  of  th4{  rope-ground)  \  ,  ^ 
fbst  movement  in  die  sMge  is  given.*;  'Thn  %eeve,  giving  motion  to  ^ 
spindle  ot  shaft  Q,  and  bemg  txNipIed  With  the  shaft  H,  turns  the  pinioal, 
'  .which  drives  the  pinion  2,  upon  whose,  siiaft,  S,  is  the  small  bevel-whed-3, 
driving  the  large  bevelrwheel  4,  upon  whose  shaft  again  is  the  spor-wfaeci5, 
.driving  the  other  wheel  6 ;  which  last  wheel  works  in  the  rack-way.  Hiis 
wheel  is  not  fiist  upon  its  shaft,  being  capable  of  sliding  thereon,  fcr  dv 
purpose  of  being  put  in  and  out  of  geer  with  the  rack  bj  means  of  the 
lever  T.  The  machine  travels  on  the  lailway  on  four  trudL-wheds :  the 
two  shown  in  thi!;  figure  are  marked  7.  The  pinions  1  and  2  are  dnage 
able,  to  suit  the  different  travelling  speeds  r^uired. 

So  far  23  has  been  now  describM  refers  oiily  to  the  backward  movemat 
of  the  machine;  T^^hich  movement,  iftttu8t*be  mnderstood,  is  in  the  diree 
iioTi  along  the  mck-way,  as  from  A  towani^  B.  The  contraijy  or  ffrwmi, 
movement  ts  of  course  in  the  direction  from  B  towards  A,  and  is  erocted  fay 
giving  a  reverse  turn  to  the  "whtc]  j6,  which  vorks  in  the  rack-way.  Tbe  o^ 
cesmiy  machinery  Ibr  ihis  purpose  is  the  small  pinion  8,  on  the  shaft  (I 
driving  th€  wheel  9,  on  the  shaft  Vf;  'Whtdh  laSt'snaft,  and  the  one  eoupled 
with  it,  W,  Lie  parallel  with,  and  extend  to,  the  end  of  the  shaft  R,in  onbr 
that  the  pdnion  10,  ^%ed  an  th^  end  of  W«^nay,  when  required,  w<nk  in  te 
pinion  2.  The  shaft  S  then  ^ec^mes  common  to  bo^  the  pinions  1  and  10^ 
and  may,  as  required,  be  drirep  "by  either  the  one  or  the  others  ^Uie'  pinioB  1 
being  for  the  backward  movement,  and  the  pinion  10  for  the  fbrwaid  moi«- 
ment,  one  of  them  ^erefore  must  be  out  of  geer  while  the  other  is  in  geer. 
The  figure  shows  the  pi nLoo  10  a5  out  of  geer.  But  supposing  it  toheh 
geer  with  5,  and  the  pinion  1  out  of  geer  with  it,  the  effect  is,  thai  a  cod- 
trary  motion  is  given  to  the  wheel  6,  which  works  in  the  rack-way,  b^  inei:-^ 
of  the  iiiterveuing  wheels  3,  4,  and  5,  before  described.  The  twiAtmg  mtv 
tions  of  this  raadiine  are  produced  by  the  shaft  Q  being  continued  to  l>i^ 
front  of  the  machincp  where  the  wheel  11,  on  the  eod  of  the  shaft,  dm& 
the  counter-wheel  12,  from  whence  the  recjnired  decfree  of  speed  i&  givep  t 
the  twisting  hooks.  From  what  has  been  btrfore  described,  it  will  be  x^s, 
that  the  backward  and  forward  motions  of  the  roach ioe  are  produced  h 
means  of  the  wheel  6  working  in  the  rack-way  either  wav  about  as  required 
ASj  therefore,  any  predetermined  quantity  of  twist  may  be  given  by  means  ot' 
the  change  whesla  IJ  and  12,  whilst  at  the  same  time  the  machise  mtyie^ 
made  to  travel  at  any  giyen  predetermined  speed,  either  backward  or  forward, 
by  means  of  the  change  wheels  1,  2,  and  10;  and  as  the  twisting  ai  weH  » 
the  tra^elhng  motions  are  driven  by  one  and  the  same  impulse,  OTignMin| 
in  the  machine  at  the  grooved  wheel  P ;  they  mnst  always  preaerre  A  ifh- 
tive  speed  to  each  other  in  such  proportion  u  may  be  assigned  to  theoL  A 
forked  tcrtr, idaaping  oo  theisaticlKio^  15^ ;  seizes '  ^t^^W  ^to  pot  in  or  ovta 
geer  alltfarinotionroftheinaehine,-excepting^thatofm  grooved  wheel  P. 

Fig.  483  i?  a  view  of  thie  back  end  of  the  same  machine,  showing  as  Duck 
of  the  machinery  as  is  neiessaiy  for  understanding  itl  The  same  chanden 
of  reference  used  in  fig.  1  denote  the  same  parts  in  this. 

Fiff.  3  is  a  plan  of  part  of  the  rack-^way.  A  is  the  rack,  and  N  N  is  tb 
wood  sleeper  upon  wnich  it  is  fastened.  The  forward  motion  of  iht  Mf^ 
is.a  remarKably  slow  movement ;  the  speed  of  the  wheel  6  therefore  reqniicf 
to  be  considerably  reduced*  The  wheels  shown  in  the  figures  will  not  ie> 
dHce  the  motion  sufficiently  slow  to  suit  evefy  possible  occasion;  but  OKiagk 
is  showu  to  enable  a  ipechanic  readily  to  produce  any  degree  of  motion  £ti 
maybe  required. 
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AH  or  any  part  of  the  machiuery  which  we  have  described 
jnav  be  driven  by  the^wer  of  steam,  water,  wind,  or  animala. 

jm  the  Qotuae  of  describing  the  different  machines,  and  their 
^xnnpooait  parts,  adapted  for  the  various  purposes  of  the  in- 
vention, we  have  sddooi  taken  notice  dther  of  their  dimen<- 
uons  or  of  the  piaterials  of  which  they  may  be  made,  because 
no  fixed  rules  can  be  given :  but  any  competent  mechanic, 
from  what  ^e  have  ahown,  will  be  enabled  to  apply  such 
8i2ea,«nd  use  such  materials,  as  may  be  suited  and  proportioned 
to  thie  nature  and  design  of  each  machine,  and  to  the  jpower 
which  is  to  drive  It,  particularly  when  we  add,  that  the  ngures 
in  the  plates  marked  '*  Tempering,  and  Backward  and 
Forward  Movements,''  are  made  out  on  a  scale  }  of  an  inch 
to  a  foot,  and  that  the  dimensions  there  ^ven  are  such  as 
may  witb  effect  be  applied  in  practice. 


SAW-MILLS. 

Saw-mills,  constructed  for  the  purpose  of  sawuig  either 
timber  or  stone,  are  moved  by  animalsp  by  water,  by  wind,  or 
by  steam.  They  may  be  distinguished  into  two  kinds ;  chose  in 
which  the  motion  of  the  saw  is  reciprocating,  and  those  in 
which  the  saws  have  a  rotatory  motion.  In  cither  case  the 
researches^of  theorists  have  not  yet  turned  to  any  account: 
instead  therefore  of  giving  any  uncertain  theory  here,  we  shall 
proceed  to  the  descriptive  part,  and  refer  those  who  wish  to 
see  some  curious  investigations  on  this  subject  to  a  Memoir 
on  the  Action  of  Saws,  by  Eulcr,  en  Mem.  Acad.  Roy.  Berlin, 
1766. 

Reciprocating  saw-m^,  for  cutting  timber,  and  moved  by 
water,  do  not  exhibit  much  variety  in  their  construction.  The 
saw-mill  represented  in  fig.  450  is  taken  firom  Gray's  Ex- 
perienced Alill-wright;  but  it  only  differs  in  a  few  trifling 
particidars,  from  some  which  are  described  in  Belidor's  Archi" 
iectuTC  HydrauUme^  and  in  Gallon's  Collection  of  Machines 
s^yproved  by  the  French  Academy. 

The  plate  just  refened  to  shows  the  eleTation  of  the  mill.  A  A  the  shaft 
or  axle  ttpoa  which  is  fixed  the  wheel  B  B,  (of  irfor  18  feet  diameter,)  coo- 
taining  40  buckets  to  receife  the  water  which  impels  it  round  C  C,  a  wheel 
upon  Um  same  shaft  coBtaining  96  teeth,  to  drive  the  pision  No.  2,  having 
2S  teeth,  which  is  finteped  upon  an  iron  axle  or  spindle,  harinff  a  couplina- 
hoK  on  each  end  that  tarns  the  cranks,  as  D  D,  roand;one  end  of  the  pole 
Eispvtoatheciank.  and  ilSjOlbor  end  moves  onajohit  or  iron  bolt  at  F, 
iathelowtrendoftbefiramaGG.  T^e  crank  D  D,  being  tnmed  round  in 
the  pole  E,  moves  the  frames  O  G  up  and  down,  and  those  having  umt  in 
jthem,  bj  this  motion  cut  the  wooa.    The  pinion  No.  3  may  woik  two. 
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wheel  hafin^  angular  tee%  .whic^  one  fad  of  the  ir^pn  K  ta^e$  Md  ot^  ^i\ak 
its  other  end  rolls  on  a  bolt  in  die  lerer  H  H.  One'eoid  of  this  lerer  moves  on 
a  boh  at  I,  ^e  other  end  n^  lay  in  a  notdi  in  the  frame  O  O  to  ts  to  be 
palM  np  and  down  %y  it.  llras  the  catch  K  polls  the  ''■iMel  covd,  wUk 
4he  oatoh  i  fidU  into  the  *ielh«id  prev««li  i(t^i9  foii^^hM^^^ 

Upon  the  ajilt  of  No.  3  ia  a)ao  icted  the  janion  Na»  4  Uiup^  into  the 
teeth  in  the  under  edge  of  the  iron  btfir,  that  is  fkstened  upon  iKe  uameTT, 
on  which  the  wood  to  be  cut  is  laid :  bv  tlds  means  the  fiameTT  is  moved 
on  ite  rollers  8  S.  along  the  fixed^ame  U  CJ ;  and  of  comae  the  woodfeHeaed 
iiponit  is  bfougbt  focvard iothe saws  a|  thej  itf  noffli  vpsad  dwmM 
veasoB  of  tV  taming  of  Ae  or^k  D  2>.  V  V  the  ma^btne  aiui  hasdje  to 
raise  the  sluice,  when  tlie  water  is  to  hfr  iet  v^Mm  ^h^fwheel  0  B,  |o  ffn  ii 
motion.  By pulUng  the  rope  at  the  toiler  aipi  of  the  lever  M,  dte  pnuot 
No.  2  is  put  into  the  hold  or  gripe  of  the  wheel  C  G,  whidi  dfives  it;  tod 
%y  pulling  the  rope  11,'tfiis  pinion  is  cleared  ftom  ^e  ^faael.  No.^»  a  tdmo 
4)QntaiBiag  fMteeth»drifm  by  ^  wheel  CC,  and  bmng  apon  iu  ladt  a 
sheare,  on  which  is  the  rope  P  P^  passii^to  the  ^teave  Ink  ^  4ot«ait ; 
round ;  and  upon  its  axle  is  nxed  the  pinion  No.7,  acting  on  the  teeth  in  an  iroa 
bar  upon  the  frame  XT,  to  roll  that  fram$  backwards  whanamp^  ^f»^^ 
ing  the  rope  at  the  longer  arm  of  the  lever  N^  the  nlnion  No.  5  is  pot  ioto 
the  hold  or  the  wheel  C  C ;  andby  PnUingtheropePy  itia4akeaoff  ttaUi  \ 
Na  8,  a  wheel  fixed  upon  ihe  axle  No.  9,  having  upon  its  p^phery  angohr 
teedi,  into  which  the  catch  No.  to  tskes,  and  being  moted  bvtbel^^tmri 
So  the  upper  part  of  the  frame  6,  it  poshes  the  fevhail  No.  B  nwnd;  uA 
^  catch,  No*  tl,  aOis  into  th9  U^  ofthewhi<^l|  t^MfentJt  fren  m 
bM^ward,  while  the  rop^  rolls  ii^  its  axl^,  and  dra^  t^e  logs  or  piecef  « 
wood  in  at  the  door  Y,  to  be  laid  upop  the  movablf  fiimes  T  T»  and  car- 
ried forward  to  ihe  saws  to  be  cut.  The  catches  Nob.  10  and  11  are  eaulj 
thrown  out  of  play  when  ^ey  are  not  wanted.  The  gudgeons  in  the  Aaht  I 
xottnds  of  the  cmnks,  apindlas,  and  piyoto,  should  aH  tam-ramtineA^  \ 
buioes^fbniss.  Z»  a  doi^r  in  oae  e^d  of  t^  «Hllrhons0  ^ ^hii^  thevrao^ 
is  conveyed  out  when  imt.  W  W.  w4to  of  J^e  ;ttiU-6om».  Q  4  ^ 
couples  or  frami^  of  the  root  X  a  2^^  /8pc.  windows  to  sUfanit  light  to  tU 
iiouse.'  ,     •  .        ^   .  I 

Saw-mills  for  cutting  blocks  of  stone  are  generally,  though  not  4hn|S) 
moved  hori»nlillys  liif  lioriiQiml  ^t^rn^te  mm<m  m9fM-0i^ 
nicBted  to  one  or  more  saws,  by  m«i^  of  #  ao^tory  motion,  eite  17 
the  use  of  crapks,  &c.  or  in  some  fiuch  way  as  th^  fbHowi^.  I^^  die  hen-  I 
xontal  wheel  A  B  D  C,  (g.  451,  drive  the  pinion  O  N,  thWwer  canyiaf  a 
'vertical  pin  P,  at  the  distence  of  about  one-third  of  the  diameter  horn  t^  j 
«ont«e.  This  pinion  and  pin  are  iepBBse9KtsdaeparaM^fiEifo.t  of  ill- <^- 
Leithefi^me  WSTV,carj7ingftwsaw«,  B»rked|,;i,9,4,htnwM*  j 
V,  T,  W,  W,  each  running  in  a  groove  or  ryel,  w^co^^ireotaAD  is  fjf^  ^ 
the  proposed  direction  of  the  saws :  and  let  a  transversa  groove  P  R»  ^*** 
leng^  H  double  the  ^stance  of  tfie  pin  P  from  Ihe  centre  of  Hhe  -piDieB,  ^ 
«ut  in  the  saw-frame  to  receive  that  pin.  Then,  as  the  great  wlieei  r^fohti, 
it  drives  the  pinion,  and  carries  round  the  pin  P ;  ahd  this  pin  keiag^ 
pelted  to  slide  in  the  straight  groovte  PR,  while  bt  fe  rotation  of  iMp"!*^ 
on  which  it  is  fixed  its  di^anoe  from  thegicas  wmtl  is  copstantl/  *^7^ 
it  causes tiie  vrhole  saw  fiame  to  approach  and  recede  from  the  ^^^^ 
alternately,  whHe  die  grooves  in  which  the  wheeb  nm  confl^  the  fis*J 
•o  as  to  move  inthe  direction  T*,  V47.  Other ttocffs  may  be  sawn ^it*| 
«ametime1)T  the  motion  of  the  great  wheel,  if  othac  pmions  and  fn0^ 
raamngoffta  the  directions  of  the  respective  radii,  E  6,  £  A, EC, ^ 
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I  >y»»4tift<a  ft^qwKJniwtnl  points  B  AmiJC.  And  tN  fio&lnij 
i490B  of  iMm  four  to^ct  and  pifuons;  will  Usnd  to  at^n  dpwp  tb«  jpfts, 
9iid  equalize  the  wMe  motion. 

The  same  contrirance,  of  a  pin  fixed  at  a  suitable  distance  from  the  centre 
of  a  "wheel^  and  sHdmg  in  a  grooTe^  may  serve  to  ceofait  a  redpraeatfng  into 
a  lotaiovf  molkiD ;  ^  it  will  net  be  pieinaUe  to  tbe  ief«R«»oi>  OQnyeriion 


When  saws  are  used  to  cut  blocks  of  stone  into  pieces  having  cylindrical 

tiT&ceSy  a  small  addition  if  made  to  the  apj)aratus.    See  fi^.  452  and 

453.     The  sawy  iastead  of  being  allowed  to  M  in  a  Tertical  greoTe,  as  it 


sni&cesy  a  small  addition  if  made  to  the  apj)aratus.  See  fi^.  452  and 
453.  The  sawy  iastead  of  being  allowed  to  M  in  a  Tertical  grooTe,  as  it 
cats  flM  Mack,  it  attacked  la  a  kvcr  or  beam  F  O,  aafioieatly  strong  (  this 
tevar  bas  aevenl  hoifspieficed  thToa^h  it,  apd  so  has  thei^ertical  piece  ^  P, 
wbieb  is  likewise  raoraole  toward?  either  side  of  the  frame  in  giooves  in  the 


hfwat  bas  aevenl  hoifspieficed  thToa^h  it,  apd  so  has  thei^ertiical  piece  ^  P, 
wbieb  is  likewise  raoraole  toward?  either  side  of  the  frame  in  giooves  in  the 
top  and  bottom  pieces  A  L,  P  M.    Thus  the  len|^  R  G  of  the  radius  can 


be  Taried  at  pleasure,  to  suit  the  curvature  N  O ;  and  as  the  saw  is  moved 
baAwaids  and  forwards  by  proper  fnacbitieryy  in  the  direclian  C  B,  B  C,  it 
wocka  tower  and  lower  into  the  block,  whiter  being  ooai^oed  W  tMe  ht^m 
¥G,  it  cuts  tbeeorUpdrieel  portion  &om  the  block  P»  as  required. 

When  a  complete  cylindrical  piUor  in  to  be  cut  out  of  one 

block  of  itone,  the  first  thing  will  beio  mevxUin  in  the  block 

the  poifidon  of  the  axis  of  the  cylinder ;  then  lny  the  bk)ek  eo 

that  such  axk  shall  be  paiaM  to  the  bof$9pn»  andjet  a  qrlin^ 

drical  hole  of  from  one  to  tiae»  inchea  cttameter  be  bored  en-* 

tisely  tfanmgh  it«    Let  an  iron*bar»  wboae  diameter  ie  cither 

leaa  than  that  of  the  tiibe,  be  put  through  it»  having Jttst 

room  to  dide  fi«dy  to  and  fro  as  oecaaion  may  require^  £ach 

end  of  this  bar  shonU  terminate  in  a  sooevr^  on  which  a  nut 

aBdfnonemaylwfiHtened;  the  nut-fratoe  should  cany  three 

flat  pieces  of  wood  or  kon,  each  having  a  slit  running  idong 

ifts  niddle  nearly  from  one  end  to  the  ^MSf,  and  a  screw  an! 

fasn^  must  be  adapted  to  each  slit :  by  tbese  means  the 

frame  work  at  each  sm  of  the  bans  naay  readily  be  so  ad}n^ted 

aa  to  Cnrm  isosceles  or  eqnilatecal  triaoj^ ;  the  iron-lwr  wSl 

oonnect  tsro  oorrcepcmdiBg  angles  of  these  triangles  i  the  saw 

to  be  ased,  two  other  e^imfiponding  angles;  and  anotherbsK 

ofironoroifwoodjtfaetworemainiiigaii^s;  to -give  sufficient 

strength  to  tiie  vriiole  frame.  This  oooBtmction^  it  is  (rinrioui^ 

wiM  enaUe  the  workman  to  place  tiie  saw  at  anv  proposed 

^stanee  from  tiie  bde  diUlfid  through  the  m«idle  of  ^ 

tdedc;  aiidthcn,  by  giving  die  alternaimgsEUKtion  to  the  avw-- 

frame,  the  cylinder  may  at  length  he  €ot  from  the  block  aa 

reqtiied.  This  method  was  first  described  in  liie  CoUedion  of 

Machines  approved  by  the  Paris  Academy^ 

If  it  were  propoaod  to  saw  a  eonic  frnstmm  taom  such 
a  Idock,  then  let  two  frames  of  wood  or  inm  he  fixed  to 
those  pacallel  ends  of  the  block  wUdi  see  initeaded  to  coin- 
cide with  the  bases  of  the  fmitnnn,  docular  grooves  being 
pveHowdy  o«t  in  these  frames  tenorasspondwidi  the  <  ' 
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fcrerices  of  the  two  enAs  of  the  pn^osed  ttaCrutti ;  tte  onr 
being  worked  in  these  grooves^  wiU  manifertly  cot  Ae  conic 
surfiM^e  from  the  blodc*  This,  we  believe^  is  the  oontnvance 
ofSirGenrgeWriffht. 

The  best  method  of  driUing  the  hole  through  the  middk  of 
the  proposed  cnrlinder  seems  to  be  tbis :  on  a  carriage  rai- 
ning upon  four  low  ipdieels  let  two  vertical  pieces  (each  hanog 
a  hole  just  large  enough  to  admit  the  borer  to  play  fireely)  be 
fixed,  two  or  tluree  feet  asunder^  and  K>  oontrhred  that  the  pKcei 
and  holes  to  receive  the  borer  may,  by  screws,  &c.  be  raised 
or  lowered  at  pleasure,while  the  borer  b  prevented  from  sliding 
backwards  and  forwards  b^  pieces  upon  its  bar,  which  are  larger 
than  the  hides  in  the  Tertuad^ieees^  and  which,  as  the  barer 
revolves,  press  against  these  pieces:  let  a  part  of  the  boring  bir 
between  tne  two  vertical  pieces  be  square,  and  a  grooved  idhed 
with  a  square  hole  of  a  suitable  size  be  placed  upon  this  pait 
of  the  bar ;  then  the  rotatory  motion  may  be  given  to  flus  bir 
by  an  endless-band,  wUdi  shall  pass  over  this  grooved  whed 
and  a  wheel  of  much  larger  diameter  in  the  same  plane,  the 
latter  wheel  being  turned  by  a  winob^handle  in  the  usual  wsy. 
As  the  boring  proceeds,  the  carnage  with  the  borer  may  be 
brought  nearer  and  nearer  the  block,  by  levers  and  weigfals. 

Circular  saws^  aotinr  not  by  a  reciprocattng,  bat  by  t 
rotatory  motion,  haw  been  long  known  in  HoUand,  when 
they  are  used  for  catting  wood  uMd  for  reneerinf.  Tbeyime 
introduced  into  this  oomitry,  we  believe,  by  General  Bc&thaiB» 
and  are  now  used  in  the  dock-yard  at  Portsmouth,  and  in  afev 
other  places^  but  they  are  not  as  yet  so  generally  adofled 
as  might  be  wished,  considering  how  well  Ihey  are  calmlstfd 
to  abridge  labour,  and  to  aecompKsh,  with  expedition  and  ac- 
curacy, what  is  very  tedious  and  irksome  to  perform  in  tbe 
usual  way.  Circular  saws  may  be  made  to  turn  either  in  hBn- 
aontal,  vertical,  or  indined  pianni  3  and  the  timber  to  be  est 
may  be  laid  upon  the  ]^ane  m  any  direction ;  so  that  it  otff 
be  sawed  by  lines  maldng  any  angles  whatever,  or  at  SDf 
proposed  distance  from  eadi  other.  When  the  saw  is  fixed  at 
a  certain  angle  and  at  a  certain  distance  firom  the  ed^  of  the 
ftaase,  aH  the  pieces  will  be  cut  of  the  same  size,  wilhs^ 
marking  upon  them  by  a  chalked  liae^merdy  by  causii^thes 
to  be  moved  along,  and  keeping  one  sMe  in  ecotact  wm  tbe 
aide  of  die  frame ;  for  then  as  they  are  brouf^  one  bf  one 
to  touch  tlile  saw  revolving  on  its  aode,  and  ai^  pitssed  opoa 
it,  they  are  soon  cut  through. 

Mr.  Smart,  of  the  Oidnanoe  Whar^  Westmkwter  Btidg^ 
haa  seveml  cinmlar  sawv,  all  worind  bjra  horse^  in  a  modcp^ 
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wdk ;  one  of  these  intended  for'  cutting  and  boring 
tenons^  used  in  this  gentleman's  hoBow  masts^  is  represented 
in  &g,4S4. 

M  O  P  Q  R  is  a  hollow  frtme,  under  which  i*  pvi  of  the  wheel-work 
of  tbe  howe-BiilK  ABC  DJB  F  are  puUies,  over  which  pass  straps  or 
bands,  the  parts  of  which  out  of  sight  run  upon  the  rim  of  a  Urge  Terticel 
whe<el  ;  by  means  of  Ihis  simple  apparatus  the  saws  S  S  are  made  to  rerolve 
apcm  their  axles,  with  an  equal  Telocity,  the  same  hand  passing  round  the 
poUies  D  C,  upon  tlkDse  axies ;  and  the  rotatory  motion  is  given  to  the  borer 
O  by  the  band  passing  over  the  pulley  A.  The  board  I  is  inclined  to  the 
IkorizoQ  in  an  angle  of  about  30  aegrees ;  the  plane  of  the  saw  S  is  parallel 
to  that  of  the  bow  I,  and  about  a  quarter  of  an  inch  distant  from  it,  while 
the  plane  of  the  sawS*  is  vertical,  and  its  lowest  point  at  the  same  distance 
from  the  board  I.  Bacb  pieceof  wood  K,  out  of  which  the  tenon  is  to  be 
oat,  is  aboot  four  inches  long,  and  an  inch  and  a  quarter  broad,  and  {  of  an 
inch  thick.  One  end  of  such  piece  b  laid  so  as  to  slide  along  the  Irage  at 
the  lower  Dart  of  the  board  I,  and  as  it  is  pushed  on,  by  means  of  the  h^Ie 
H,  it  is  nrst  cut  by  the  sawS,  and  inunediately  ailer  by  the  saw  S* ; after 
this  the  other  end  is  put  lowest,  and  the  piece  is  again  cut  by  both  saws : 
then  the  tenon  is  appbed  to  the  borer  G,  and  as  soon  as  a  hole  is  pierced 
throi^^  it,  it  b  dropped  into  the  box  beieath. 

By  the  above  process,  at  least  80  tenons  may  be  completed 
in  a  minute,  with  greater  accuracy  than  a  man  could  make  one 
in  a  quarter  of  an  hour  \nth  the  common  hand  saw  and 
gimlet.  Similar  contrivances  may,  by  slight  alterations,  be 
fitted  for  many  other  purposes,  particularly  all  such  as  may  re- 
<]uire  the  speedy  sawinr  of  a  great  number  of  pieces  into 
exactly  the  same  size  and  shape.  A  very  great  advantage  at- 
tending this  sort  of  machinery  is,  that  when  once  the  position 
oC  the  saws  and  frame  is  adjusted,  a  common  labourer  may 
perform  the  business  just  as  wdl  as  the  best  workman. 


BARK-MILL. 

Th£  bark-mill  is  constructed  for  the  purpose  of  grinding 
an4  preparing  baik  till  it  is  fit  for  the  tanner. 

Bark-mills,  like  most  other  mills,  are  worked  either  by 
means  of  horses,  by  water,  or  by  wind. 

Ote  of  the  best  mills  we  have  seen  described  for  these 
mrposes  is  that  invented  bv  Mr.  Bagnall,  of  Worsley,  ih 
T^mcashire.  This  mactune  will  serve  not  only  to  chop  bark,  to 
grind,  to  riddle,  and  pound  it;  but  to  beam  or  work  green  hides 
and  ddns  out  of  the  mastering  or  drench,  and  mak^  them  ready 
br  the  ouae  or  bark-liquor ;  to  beam  sheep-skins,  and  other 
jbUqb,  far  the  skinner's  use ;  and  to  scour  and  take  off  the 
htgouL  from  tanned  leather^  when  in  the  currying.  statCp. 
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Fig.  455  is  a  hofiaottlAl  pUn  of  Um  mfll ;  %. 456  aioagilu^toai 

of  it ;  fig.  457  a  transverse  section  of  it. 

A,  the  water-wheel,  by  which  the  whole  machineiy  is  woHced. 

B,  the  shafb. 

C,  the  pH-whed,  whidi  is  fixed  on  th«  wster-wfaeel  shaft  B^  a^l  taras 
the  upright  shdt  £,  by  the  wheel  F,  and  works  th«  cation  and  hmaaa 
by  tapets. 

Vf  the  spur  and  berel  wheels  at  the  top  of  upright  shafts. 

£,  the  upright  shaft. 

F»  the  crowB-wheely  which  wdrks  in  the  pit-wheel  C 

G,  the  «pttiHiiit  to  f«fB  the  stones  L 

P,  the  beam,  with  knives  /or  cutters  fix«d  at  the  end  to  chop  or  cut  the 
oarky  which  hart  Is  to  be  pot  upon  the  cutters  or  grating  ^  on  wfaidi  ike 
beam  is  to  &I1. 

Q,  the  tfyal  that  receives  the  bark  from  the  cutten  ^  and  conve}^*  it  iais 
the  hopper  H,  by  whieh  it  descends  through  the  shoe  J  to  tha  stoaei  i, 
Mfhere  it  is  ground. 

K,  the  spout,  which  receives  the  bark  front  the  stones,  and  conveys  it  iata 
the  tryaf  L;  which  tryal  is  wifed,  to  shift  or  dress  tHe  barii  as  it  descend 
ffom  the  stones  I. 

M,  the  trough,  to  receifv  the  bark  that  passes  diroo^  the  tff^  1m. 

R,  the  hammer,  to  crush  or  bruise  the  baric  that  ftdls  into  the  diii  S, 
which  said  dish  is  on  the  incliite,  so  that  the  hammer  keeps  fotgii^  it«<<f 
the  lower  side  of  the  said  dish,  when  bruised. 

A,  a  trough,  to  receive  the  dust  and  rooss'  that  passei  through  the  trtd  Q. 

T,  the  bevel-wheel  that  works  in  the  wtheel  I>,  wiiich  wMka  4le  beaa- 
knife  by  a  crank  V,  at  the  epd-efthe  sfcafi  m     -  -  - 

W,  die  penetrating^rod,  whidi  leads  -finoss  the  orank :  V  to  the  ataif  Jt. 

»i  the  start,  which  has  several  h6les  in  it  to  leiigthep  or  shorten  the  stroke 
of  the  beam-knife. 

y,  the  shaft,  to  which  the  slide-rods  II  A  ate  fixed  by  the  starts  n  «. 

A,  the  dide  rod,  on  whidi  the  knife/  is  fixed,  whioh  kniiet  is  to  J0mk  Ihi 
bidea,&c.  On  tha kttife are  tt«o  springs  a «,  to  let  ft  have  a Itttk pUqr « 
it  makes  its  strokes  badkwacds  and  foiwards^  so  that^nafjioi  scratch  or 
damap^e  the  hides,  &c. 

ar,  IS  a  catch  in  the  slide  rod  A,  which  catches  on  ^he  aich^head  t;  ni 
the  said  arch-head  conveys  the  knife  back  without  touching  the  hide,  ssd 
then  falls  back  to  receive  the  catdi  again.  ., 

If  the  roller  to  take  up  the  sbde^iod  A,  wbUe  the  hides  ftif  ahtfting  oo  d^ 
beaim  6,  by  pulling  at  tfte^MKne  m« 

A,  the  beam  to  work  the  hides,  &c.  on.  Batch  bMmbas  fout  wbeels»f^ 
working  in  a  trough-road,  ^)^,"andrpto6yfid*1>yilie"t6t«ft  ee,  Vfliartte 
knife  has  worked  the  hides,  &c.  sufllcientiy  in  eae  part,  the  beMU  is  *ts 
shifted  by  the  lever  e  as  fitf  as  is  wanted. 

<f,  a  press,  at  the  upper  end  of  the  beam^  to  hold  the  hide  &st  on  tk 
beam  while  working. 

<f,  an  arch-head,  on  which  the  slide-rod  h  catches. 

/  the  knife  fixed  on  the  slide-rod  A,  to  vrork  tfhe  hid«s,  ftc. 

t,  cutters  or  giating  to  receive  the  bark  fer'chopping.  ^ 

The  beam  P,  widi  knives  or  cuttvrsi  nahy^eidmq  be  wocted  by  tapan, » 
dHcrtbtd,  Qt  by  the  bevel-wheel  X  virith  a/iDvanW  as  V,  to  cut  the  sanetf 
shears. 

the  knife /Is  fixed  at  the  bottom  of  the  s^art,^lch  is  ttxed  oa  dw  sU*- 
fOdA;  the  bottom  or  tHe  start  is  spKCopeUfo  admit  llie  knife,  th^widdktf 
one  foot;  the  knife. shouUl  have  a  g^tigCod  at  eioib  tftd^  to  flat  i»itl»«f» 
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■Et  of  the  atifft ;  and  tke  two  fpiipes4i  •  uravent  tba  Imiftt  from  giritig  too 
tucb  'wray  when  working.  The  knife  shomd  b»  one  foot  long,  and  four  or 
re  indies  broad. 

Tbe  arch-head  e  will  shift  nearer  to  or  fturther  from  the  beam  A,  and  will 
6  fixed  so  as  to  carry  the  knife  back  as  &r  as  is  wanted,  or  it  may  be  taken 
iray  till  wanted. 

TYie  xoUer  I  is  taken  up  by  pulling  at  the  handle  m,  which  takes  up  the 
ide-rod  so  hig^  as  to  give  head  room  under  the  beam-knife ;  the  handle 
lay  be  bung  upon  a  hook  for  that  purpose.  The  slide-rod  will  keep  run- 
ing  upon  thf  roller  all  the  time  the  hiae  is  shifting ;  and  when  the  hide  is 
xed,  tJbe  knife  is  put  on  the  beam  again  by  letting  it  down  by  the  handle  m, 
bere  may  be  two  or  more  knives  at  work  on  one  beam  at  the  same  time,^ 
y  baring  diiTerent  slide-rods;  tiiere  should  be  two  beams,  so  that  the 
rorlunaa  could  be  shifting  one  hide,  &c.  while  the  other  was  working.  The 
earn  must  be  flat,  and  a  little  on  the  incline ;  as  to  the  breadth,  it  does  not 
latter  ;  the  broader  it  is,  the  less  shifting  of  the  hides  will  be  wanted,  as 
be  lever  e  will  shift  them  as  far  as  the  width  of  the  hide,  if  required. 
mIt.  BiagnaH  has  formed  a  kind  of  press  d,  to  let  dowi|,  by  a  lever,  to  hold 
he  hide  &st  on  each  side  of  the  knife,  if  required,  so  that  it  will  suffer  tht 
:nile  to  make  its  back  stroke  without  pulKng  the  hide  up  as  it  comes  back. 
Cbe  sKde-rod  may  be  weighted,  to  cause  the  knife  to  lay  stress  on  the  hide, 
kc.  according  to  the  kind  and  condition  of  the  goods  to  be  worked. 

Hides  and  Bbind  for  the  skinner's  use  are  worked  in  the 
iame  way  as  for  tbe  tanner's. 

Scoorii^  fA  tatined  leather  lor  the  currier's  use  can  be  done 
on  the  be^,  the  same  as  working  green  hides  \  it  is  onl  j 
taking  the  knife  away^  and  fixii^  a  stone  in  the  same  msLnner 
aia  the  knife  by  the  said  joints  and  to  have  a  brush  fixed  to  go 
either  before  or  after  the  stone.  Hie  leather  will  be  much 
BO«>n«»'  and  better  secured  tkin  ilray  dm»  by  handi 

The  whole  machinery  may  be  worked  by  water,  wind^ 
steam^  or  any  other  pow6r ;  and  that  part  of  the  machinery 
whieh  relates  to  the  beaming  part  of  we  hides,  may  be  fixed 
to  any  bone  baric-mill^  or  may  be  worked  by  a  horse  or  other 
power  separately. 


OIL-MILLS. 
Ad  tties^  k&ig<k)aft  do  not  produce  the  riive^  it  would  be 
needless  to  describe  the  mills  which  are  employed  in  the 
southern  parts  of  Europe ;  we  shall  therefore  content  otu*- 
adfes  with  a  description  of  a  Dutch  oU-miQ^  en^loyed 
for  grinding  and  pressing  finseed^  rapeseed^  and  other 
o!ea^nou:&  graitts;  and,  to*  actetnamodate  our  description 
still  more  to  our  local  circumstances,  dhall  employ  water  as 
the  ^rst  mover;  thus  a^Y)iding  tbe  enormous  expense  and 
couylicBtiow  of  a  wiadndlL 

Description  of  fi^.  45B. 
1  is  the  tlevationr  of  a  wheel,  trrtt  or  uudct  shot,  ai(  tftfe  sit\la«k)B  may 
n^nire.  • 
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1  the  bell-inetal  socket,  supported  by  masonry,  ibr  noeifiag  the  olM 
goAgeon  of  the  water-wheel. 
3,  the  watercourse. 

Fig.  459. 

1,  a  spur-wheel  upon  the  same  aiis,  having  52  teeth. 

2,  the  trundle  that  is  driven  by  No.  1,  and  has  78  stares. 

3,  the  wallower,  or  axis  for  raising  the  pestles.  It  is  ftmmhed  mad  iti 
circumference  with  wipers  for  lifting  the  f>est]eSy  so  that  each  jimj  U  f'Ki 
during  one  turn  of  the  wateNwheel :  that  is,  three  wipers  for  fA  peitte. 

4,  a  frame  of  timber,  carrying  a  concave  half  cylinder  of  belUoelal,  is 
which  the  wallower  (cased  in  that  part  with  iron  plates)  rests^aofd  turns  roeni. 
•  5,  masonry  supoorting  the  inner  gudgeon  of  the  watcr-Tfhcel  mai  tk 
aboY6-melitioned  frame. 

6,  gudffeon  of  the  wallower,  whidi  bears  againil  the  bAnetal  ftep  ftsd 
in  the  wall.  This  double  support  of  the  wallower  is  fonad  to  be  Hcuiuiy 
in  all  mills  which  drive  a  number  of  heavy  stampers. 

Fig.  460  is  the  devation  of  the  pestle  and  press-fimne^  their  fiiiailef^l^ 
mortars,  and  the  press^petttei. 

I,  the  six  pestles. 

.3,  cffoss-pMces  between  the  two  raib  of  the  frame,  forming,  with  tkm 
raib,  euides  for  the  perpendicolar  motion  of  thepestks. 

3,  the  two  rails ;  the  nack  one  is  not  seen.  Toey  are  cheeked  «Bd  boM 
into  the  standards.  No.  12. 

4,  the  tails  of  the  lifts,. corresponding  with  the  wipers  «p0B  the  mSk^^- 

5,  another  rail  in  fixmt,  Ibr  canying  the  detents  wnichhoid  opiheptfdB 
when  not  act'mg.    It  is  marked  14,  in  fig.  464, 

6,  a  beam  a  .fittle  way  behind  Uie  pesttes ;  to  this  are  fixed  the.pafeQ>^ 
the  ropes,  which  lift  and  stop  Uie  pestles.  It  is  represented  by  16,  m"l-^- 

7,  tne  said  pullejft  with  meir  ropes. 

6,  the  driver  which  strikes  the  wedge  that  presses  the  <nl. 

9,  the  discharger,  a  iCnmper  which  strikes  upon  the  inverted  wedge,  tfd 
loosens  the  press. 

10,  the  lower  rail  with  its  cross-pieces,  forming  the  lower  guides  of  tbe 
pestles. 

II,  a  small  cog-wheel  upon  ^  waBower  Ibr  turning  the  spateb,  vUt^ 
stirs  about  the  oil-seed  in  the  diaiiffer-|Mn.  Ithas28teeth,«iiid«isaidpi 
No.6,  infig.464. 

12,  the  four  standards,  mortind  below  into  the  Uock,  and  above  into  tk 
foists  and  beams  of  the  building. 

13,  the  six  mortars  hollowed  out  of  the  block  itself  and  in  shape  pnttj 
much  like  a  kitchen-pot. 

14,  the  feet  of  the  pestles  loundad  into  ^liadHH,  and  shod  with  a  gie^ 
lump  of  iron. 

15,  a  board  behind  the  pestles,  standing  on  its  edge,  but  indintng  t  littfc 
backwards.  There  is  such  anoUier  in  front,  but  not  represented  bm. 
These  form  a  sort  of  trough,  iHiich  prevents  the  teed  irom  beuig  lesttend 
aboat  by  the  fidl  of  the  pestles,  and  lost. 

16i  tiie  first  preas-boB,  (alao  hoUowed  out  of  the  blod(,)  in  which  the  giiii 
is  squeezed,  after  it  has  oome  for  the  first  time  from'  below  the  miD-sMssi. 

17,  the  second  press-boi,  at  the  other  end  of  the  block,  fbr  sqnei#|ikB 
grain  after  it  has  passed  a  second  time  under  the  pestles. 

18,  frame  of  timber  for  supporting  the  other  end  of  die  wafloweria  tki 
same  manner  as  No.  4,  fig.  459. 

.    19,  small  eo0>wheel  on  the  end  of  die  wallower^  fiir  giving  notin  to  (^ 
miU-stonesi  it  nas  28  teeth. 
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%0,  fudgaoBorUic  wmUower,  benia^  on  a  beU-iMUl  loekct  ftxtd  in  th»  wall. 
%t,  tcswIb  hr  reoemng  the  oil  from  the  press-boxes. 

Fig.  46],  BIcYation  and  mechanism  of  the  ;nill-stones. 

ty  upright  shaft,  carrying  the  great  cog-wheel  above,  and  the  runner  miU- 
UHiet  oelow  in  their  frame. 

2,  cog-wheel  of  76  cogs,  driven  by  No.  19  of  fig.  460. 

3y  the  frame  of  the  runners. 

4,  the  iimermost  nmner,  or  the  one  nearest  the  sfaAft. 

5y  ovtennoat  ditto,  being  farther  from  the  shaft. 

6,  the  inner  lake,  which  collects  the  grain  under  the  outer  runner. 

7y  the  outer  rake,  which  collects  the  grain  under  the  inner  runner.  In 
bis  manner  the  pun  is  always  turned  over  and  over,  and  crushed  in  every 
lirection.  Hie  mner  rake  lays  the  grain  in  a  slopes  of  whidi  fig.  465  is  a 
ectkm ;  the  nmner  flattens  it,  And  the  •tecood  rake  lifts  it  again,  as  b 
nmrked  in  fig.  466 ;  so  that  every  side  of  the  ^rain  is  presented  to  the  milU 
lUnie,  and  the  rest  of  the  legger  or  nether  rmll-stone  is  so  swept  by  them, 
Lhat  not  a  single  grain  is  left  on  any  part  of  it.  The  outer  rake  is  also  fur- 
Btshfld  with  a  rag  of  cbth,  which  rubs  against  the  border  or  hooi>  that  sur- 
rouDdfl  the  nether  mill-stone,  so  as  to  dng  oat  the  few  grains  which  might 
Dtherwite  lemain  in  the  comer. 

B,  the  ends  of  the  iron  axle  which  passes  through  the  upright  shaft,  and 
through  the  two  runners.  Thu^  they  have  two  motions :  first,  a  rotation  round 
their  own  axis ;  secondly,  that  by  which  they  are  carried  round  upon  the  nether 
mill-stone,  on  which  they  roll.  *  The  holes  in  these  miU-slones  are  made  a 
tittle  wide ;  and  the  holea  in  the  ears  of  the  frame,  which  carry  the  ends  of 
the  iron  axes,  are  made  oval  up  and  down.  This  great  freedom  of  motion 
is  necessary  for  the  runner  mill-stones,  because  frequently  more  or  less  of 
the  grain  is  below  them  at  a  time,  and  they  must  therefore  be  at  liberty  to 
get  over  it  without  straining,  and  perhaps  breaking,  the  shaft. 
9  and  10,  the  border  or  lump  wmdi  surrounds  the  nether  mill-stone. 
11  and  12,  the  nether  milUtooe  and  masonry  which  support  it. 

Fig.  462.  plan  of  the  runner  mill  stones,  and  the  frame  which  cairies 
them  round. 

1, 1,  are  the  two  mill-stones. 

3, 3, 3,  a,  the  outside  pieces  of  the  frame. 

4, 4, 4, 4,  the  cross-bars  of  the  frames,  which  embrace  the  upright  shaft  5, 
and  give  motion  to  the  whole. 

6, 6,  the  iron  axis  upon  which  the  runners  turn. 

7,  the  outer  rake. 

8,  the  inner  ditto. 

Fig.  463  represents  the  nether  mill-stone  seen  from  above. 

1,  the  wooden  gutter  which  surrounds  the  nether  miU-stone. 

2,  ihe  border  or  hoop,  about  six  inches  high  all  round,  to  prevent  any 
S6SQ  Deinir  scattcreo  i 

3,  an  opening  or  trap-door  in  the  gutter,  which  can  be  opened  or  shut  at 
pUasure ;  when  open,  it  allows  the  bruised  grain,  coUectea  in  and  shoved 
abn^  the  gutter  oy  rakes,  to  pass  through  into  troughs  placed  below  to 
rseeiveit. 

4«  portion  itf  the  circle  described  by  the  outer  runner. 
«,  portion  of  the  circle  described  by  the  inner  one.    By  these  we  see  that 
Ibe  two  stones  ha;ve  different  routes  round  the  axis,  and  bruise  more  seed. 

6,  the  outer  rake. 

7,  the  inner  ditto. 

B,  the  sweep,  making  part  of  the  inner  rake,  occasionally  let  down  fcr 
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which  cannot  be  easily  and  distincUy  represented  by  any  figiae.  4e 
oblique  position  of  the  rakes  (the  outer  point  going  IbmDOsty  cfMCf 
them  to  Shcye  the  grain  inwards,  or  towara  the  centre,  and  tt  Be  mpc 
time  to  turn  it  over  somewhat  in  the  manner  as  the  mould-board  of  2  |ftlllli 
shot es  the  earth  to  the  mbt  hand,  and  partly  turns  it  orer.  S^Use  wi 
hare  but  one  sweeper ;  and  indeed  there  is  great  Tari^Qr  in  tbe  Iboi  aad 
construction  of  this  part  of  the  machinery. 

ii^46ig  profile  of  the  jMslle-^wsae. 

1 , .  sectAon^  of  the  koriiontal  shaft. 

^  it^sae  'wipeis  for  lifting  .the  pestles. 

3f  little  »¥^»eel  ,of  28  i«elli  for  giyiag  motion  to  the  apfttnla. 

A,  jMiotl^r  whaet  TiJMehAS  4siveR^y  iW  havi^  20  teeth* 

^,  h^mm^  «de  of  ditto. 

6,  another  wheel  q»  the  sMPe  axlc^  haviiig  13  teeti»* 

7f  a  wheel  ^pon  ^  vippef  en^  of  the  sp^adle,  haying  12  teeth. 

8,  twofMdes,  in  whieh  tiM)  ipindlo  t»iiit  .&Bily,  and  «o  that  it  «m  k 
ishilt^d  higher  And  lo^ier. 

9,  a  lever,  movable  round  the  piece  No^  14«  hasii^  a  hole  i»  «t  st  t, 
thfotigh  which  the  ^ipMUe  yiiass,  tumifw  freely.  Iha  spiadle  W»  ivtiis 
plaoeashmkUcy^viich  rorts  oa^he  hen»r  «f  the  holed*  so  that  kf  Ae 
we^ioniofthis  lef>eritfaee|yidle my  be diseagyd'feoni  ihe  whert  wwfci 
pleaenre ;  this  «Mllk«i»f^eii  to  4t^y  means  af  tbilever40y  ia»  mamtk 
aciuiditaswadie.  The  woitafAmpki|!iedatlhe4)Unffwf(i4Uift  te 
10^  11,^11^  thw  diMn|pi«fB' the  ispinaW  and  epatvla. 

11,  a  pestle  seea  aiaWrite. 
!•  12,  the  left  ef^tta. 

13,  the  upper  raila,  inarM  ¥•  a,  m  fig.  460. 

14,  the  rail  maiked  fife.  6»  in  ig.  400.  To  tUs  ait  fy(U  4^  4ilP^ 
which  serve  to  alap  and  hold  itt.the  fieatlts. 

Ipf  9  detent,  which  is  moved  by  a  ropre  at  its  outer  end. 
*    li?,  a  bracket  behind  the  pestle,  having  a  pulley  through  wMcSi  ftafo 
the  rope  going  to  the  detent  15. 

17,  the  said  pulley. 

18,  the  rope  at  the  workman's  hand,  passing  through  the  puBey  17^  md 
fixed  to  the  end  of  the  detent  15. 

This  detent  naturally  hangs  perpendicular  bv  its  own  weight.  I^VVb  ^ 
workman  wants  to  stop  a  pestle,  he  pulls  at  toe  rope  18,  during  l)ie  liieaf 
the  pestle.  When  this  b  at  its  greatest  height,  the  detent  is  homoDtil,  wi 
prevents  Uie.  pestle  from  fiiUing,  by  means  of  a  pin  projecting  firou  tiM  wk 
of  the  pestle,  which  rests  opon  the  detent,  the  detent  itsdt  beiai^  heU  h 
that  position,  by  hitdm]|g  iiip  loop  1^  tiie  ropt  upon  a  {^  it  the  inwhM'i 
liand.  * 

19,  the  two  lower  rail^  marked  No.  10,  &r.  460. 

SO,  great  wooden,  and  sometimes  stone,  tiock,  in  ^MA  flit  iimtmat 
Ibrrapd,  ipaApd  No.  21,  %.  460. 

21,  vessel  placed  below  the  press-boxes  foi  reeetvingtbe  oH. 

22,  chauffer,  or  little  furnace,  for  vrainaing  the  briMsed,  grain. 

23,  backet  in  the  front  of  the  chaaffer,  tapering  downw&ds,  and  ^fptutf 
below  in  a  narrow  slit.  The  Hair-bags  on  whidi  the  grahi  is  to  %a  ymwn 
after  it  has  been  warmed  in  the  chitmiet,  are  filled  by  pteeing  Hum  te  4a 
backet.  The  grain  is  lifted  oat  of  the  chanfier  with  a  ladle,  aad  jMt  itto 
Uiese  bags ;  and  a  sood  quantity  of  oil  nms  firom  it  through  the  sm  tt  ikt 

'  ootlom  into  a  vessel  set  to  receive  it. 
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rooA^'^o^  tBe  grain  in  th«  chaffer-pan,  and  ihvs  preventiDg  it  fipoiyi 
tftitAiulf^io,  the  bottmn  oi  si^e^,  apd  gettit^  too  modi  heat. 

l^&M  pwrt  #1  tbd  ptecmi^  U  bfi»i4Dg;4hf^^a^!«p4^  the 

miHPirp  l»nTK^  j  lihaii  tfaS^  may  b^  «IP|C^  ^xj^i^MtPUfll?  4pi|^ 

I  o{  tb#  tiuHMm  aft  #BMh0i*»'>w#i  ttehfaK^  tto^Hmrthioko^BB 

tim  dpkfffti  ^M  tb^  Qftbeii  4};imr  tlMtyr  ln^^e,  dlffweot 

nod  Hm  ifmvb  wbjidk  im^  Bute  Jbf9a#ie4i  tawnwU  th^ 

MBtrc^  k  thoa  liiw»i41»jr'  betik    Tl^  im^  «eJke  y^ther*  it 

HP  w)def  4e  QuUir  ffton^  ivto  ^i^^gik'ff  i^h))v  the  «ActJmi  is 

ve^fttemoiH  m  %•  4(l&  j  tiht^fc^nii  v^nwm  i^ver  ili  3^4  S|iltc9»»li. 

It  ia  galh^re4«p  i^n  iBSlaA-iidge^  <rf  the  faivi^  <»£'  ji^  4l66^ 

uader  th«  iaiker  Bftom^  hjf  4bf  ^iuk«i?  c»k€^  iidii^  otmrnU^^ 

twa  part&i  4be  outer  pft  f fqw^  <4q»  Qa  th^  HfOodA* 

jiM«d9f  ^9b  wmrojMd^  Unb  no(b«4r  bImnm^  iui4  «bovt)B^thf^«^ 

obliquely  inwards,  while  the  inner  part  of  this  rake  aathop 

«Vi^(#trM»«fi€^t«iiei^tb4qcA$rQ.    TVatlMn?  lim  tias 

a jpkiit  p«fur.^e  mddtei  oi  its  k««ti^  %riiidiiob  tb«  outw  bulf 

of  it  emi;  be  mi^  ftwit  tb«  petbeir  stoM^  wlple  lb«f  iiimit 

hati  oflptimfffr  ngf>gtiing  Oft  it*  audi  thua  BflmaBearQiS  tKa.  laiiiflt 

paste.    When  the  seed  is  sidficiently  bruisea,  the  mU^r  leli 

dowi^ttfft«f«e^#QdfQfi tfc#(jr9li»»  tbi% imwcliiit^ir Wtber9  the 

wh^  {iiit€^m4#boii«9<il'4^Uwc^'  wtwcds  IQ  tb«  vwden 

ma,  wiiem^  iiiH»il4«tbffi«^/to^p^  ti»fH  i#  Jeftnvibiii^i^dt 

and  It  fidls  through  into  troughs  placed  to  r^diva  it,    Ttmm 

iM^gbtrliwre  bolef^in  th^b«M^i%^broiigfoMfi4qhtb^iV4^^ 

all  tte  tapn^^f  A<9  opev«j6mi    Tlis  v^f^^  the  cfiki^dmct^ 

ialQ^ «  pai4ipqtor  ^tem,  bmug,  oonsiMnidafi  Ib^  ew^i<^  ^ 

«bole^  bvHM  twrn  alft^edr  witbwt  pvei$8iwe>:  kf  tber  mm 

bvtulwg  ol  the  bitfl  of'tiifl  Mt^« 

bi  «ooif^  DiiUs  Ibid  Quefation  ia  ^aqp^diAedt.  and  ^  muob^ 

Eit^a  «raiti(y  q{  tbi«^  be«  oil  h  ^uimA,.  ^  \mmg  ^ 
of  mmmff  wUicb  4«|Mffto  4^  |€«g^  fo^iped  intQ  %  litnAt 

to.  MmiA  th^  km  {vmk  bmnQlDg  oAwde^iN    Tbk^ 
wwbling  tb0^  t#  diffPQl^  iMQ»<3if  ^IsfPiwm^to  MtKAancfl 

iMfM;  mm}  AH  gismmi  it  iflribwgHv#biiw49^fp«^^% 
wl  tkQ  <^  dim  Mil  britg  w^  bfi^  «  yrifitH 

W^4bfe|^(ff  ^nMft  ftpm  n4»  tb^  ftaUfs^itvis  pwt»49^ 

<tNih»irbiilMt>  vd  fuloeetfid  (9^  tb^  fir^  Bi99#ip»   Tbit<^ 

infeijor  to  the  IfMMIVMd  intttukwairl  (<^9.|pcf^  ^Q^CM^Mi^ 

'ree  oil-cal(#»^  tbk  BDM»ilg  «m  Mmap^  q^  tfc«  bfHf 

1iMlw»  tP«sm«flf  ««d  i«it  mMn  mwtara  fwiibif  Sr^MiwwiK* 
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•  COLOUR  ANP  INDICD  WUS. 

IWb  reditdng  of  earths^  vegetable  'SubelMws,  md  ouftalie 
fHBy9B  to  an  impatpable  powder,  h  atiU  in  a  gMit  ^tptt 
^flfeeted  by  mafmal  iAowry  by  moving  a  h6at^««Ni«wdkt 
smooth  ^vtrhce,  called  a  mu&er,  upon  a  slab  ^  the  ane 
«iaterial.  To  efect  tiiis  work  upon  a  lamnr  ecala,  a^d  $0 
«ectire  tlie  workman  from  the  91  effects  of  the  poitonaaa  ml 
tioxiotiis  vapours  of  the  pauit,  whicA  k   not  uafveqatadf 

S'ound  with  Htharge  of  lead,  Mr.  RawUnson,  4ft  Dei^^te 
vented  a  machim  whiA  we  here  describe.    It  is  Mpt- 
aented  in  fig.  4Q7* 

A,  the  roller,  or  cylinder,  made  of  anylddd  of  black  maible.  Blade  oafHe 
fs  eiteemed  the  heslt,  becaose  it  is  hardest,  and  takes  the  best  polish.  %^ 
<c«ncaTe  nmller,  oeveriag  one4bi«d  of  the  roller,  .and  of  tfat  same  wtwat 
4hutd»t wooden  fiansAy^hicb  is  hniiB)t9  the  frame  £i^M  Cis^fiif 
jDf  ,iron,4Lbattt  an  in^thitad,  to  ^^eepue  rouUer  steady,  and  is  jEuatd  te6 
J^rame  with  a  joint  at  /.  Ine  suau  binding  mn^w  with  a  ily-miL  idia 
parses  through  the  centre  of  the  iron  plate  at  c,  is  for  the  pnmose  m  tsm 
«KM  pressure  upon,  the  mtiUer,  if  fequii^,  as  well  as  to  kt&f  U  mm/tf^ 
D  is  a  taker-ofi^  made  of  a  clock-spnng,.dbo«t  haif  an  iDch  brosit  M^'W 
nimilar  to^.frfttne-^ai^rsa  aniroa  irmna  K^  in  an  inclined  pontinnit  ike 
TQUer.  fSsui  taming  on  pivots  9idd.  G  is  a  slide-board  to  dnw  out  ooph 
luonally,  to  clean7«c.  if  any  particles  of  paint  should  ftll  from  the  roHer;  It 
^Iso  fonns  itself  -for  the  plate  H,  to  catch  the  colour  as  it  foBs  fna  4t 
tiftcfT'Off.  F  is  a  dmnver  for  tf^  panose  6f  oontaining  ^cniram/fshsn^pV 
,whafli{areussd  forolemngpsintrmiUs.    Eis^he  finMoie. 

Previottflly  to  putting  the  colour  in  the  mM,  dt  iMtsI  h» 
^Werized  in  a  viortar^  covered  inlte  manner  of  the  ^hwiish^ 
;when  they  leviMte  poisonoua  druga^  or  rather  in  an  Inmosot 
«illl,  used  at  Mandisater^  ty  Mr.  Cfaades  "^lor,  for  gnMJav 
indigo  in  a  dry  iitate,  a  dmwing  aad  desotiption  <tf  mtUk  ii 
annexed.  After  tindergouig  this  process  jof  diyi  giisidii^j 
which  is  equally  necessary  for  the  waeble  dab  aow  in  iise,  •* 
ismixed  with  either  4ril  or  water,  aad  b  wiili  a  qpainla,  m 
tpdette-knife,  put  «A4he  roller^  near  to4fae<topjof  tthe  coooMa 
ittuller.  Motion  being  aiven  to  the  roUer,  it^  wikfaout  aaf 
dUBcuIty,  carries  the  colour  under  &e  mtiUer,  and  in  a  lev 
revdltttions  spreads  it  equally  oiocrliieauiiEUK.  Wtien-gDMnd 
*siifidiantiy^  it  is  taken  o£^  both  deiudy  and  cKpeditiouriy,  tj 
-tte'tiker^^offdeseribed,  Vitic^  fbrtbat  purpoae^is  heMaf^nit 
tthe  vdUer,  while  tiie  roller  is  turned  the  ravarae  wny.  l&e 
inuUisr  imly  nquins  to  bc4itaaad4vken  the  varicaan  ctaugM 
^becdour,  or^eaaaes  6am  the^qseffAian;  atisdictt  taiDed 
ibaek,  bemg  hmis  ion  piriona  io  ibe  jfipsonaa  ati  t,  and  b 
dasned  iritha^p&tla^bHifeorjpatqk}  aftpnraBdsahaadfai 
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«i  rngm^n!  slMudnga  ia  hald  againa  tka^  ooUfiE^,  wiiieh^  in.  tura^ 
or  tbree  revehilioiM,  c(ean»  it  effeetao&jr. 

The  roller  of  Mr.  RawUnson's  machiiie  is  skteeiv  iticheiT 
mu)  ft  half  ip  ^^eterj,  and  four  mcbes  aud  a  half  in  breadth  i 
nnd  the  concave  muller  which  it  wQvlo  against  cpversone* 
tidrd  ci  the  roller.  It  is  therafofe  evident,  that,,  with  this 
machine,  h6  has  seventy-two  square  inches  of  the  concave 
marble  muliei?  in  constant  work  on  the  paint,  and  that  he  can 
luring  the  paint  much  oftener  under  the  muUer  in  a  givni 
apace  of  tinue  than  with  the  common  pebble  muller,  whk  li, 
l^og  seldom  more  than  four  inches  is  diameter,  has  scarcely 
oxteen  square  inches  at  work  on  the  p£dnt,  whereas  the  con- 
cave miller  has  sevent^-twQ. 

Th^  quantity  ffipund'at  oi^ce  in  the  mill  must  be  regulated 
by  the  degree  qi  fineness  of  which  it  is  required,  that  which 
ic  the  finest,  requiring  the  smallest  quantity  to  be  £;round  iit 
qnce.  The  time  reqp^site  for  grinding  is  also  dependant  upon 
ihe  state  of  fineness;,  bpt  Mr.  RawUnson  observes,  that  his 
eolour-grinder  has  ground  the  quantity  of  colour  which  used 
to  serre  him  per  day  iu  duree  hours ;  the  colour  idso  was 
more  to  hii^  satisfactjion,  and  attended  with  less  waste. 

When  the  cplpur  is  ground,^  Mr.  RawHnfion  reconunends^ 
instead  of  drawing  the  neck  of  the  bladder  up  close  in  the  act 
of  tying  it,  to  insert  a  slender  oylindrical  stick,  and  bend  the 
bladder  close  round  it ;  this,  when  dry,  will  form  a  tube  or 
pipe^  dirongh  which,  when  th^  stick  is  withdrawn,  the  colour 
be  squeezed  as  wanted,  and  the  neck  agiun  closed  by 
the  sficlK*    This.  i$  not  only  a  neater  ai^  much 

_  . ;  cleanly  mode  than  the  om  usually  adopted,  that  of  per^ 
forating  the  bladder,  and  stopping  the  hole  with  a  n^^,  or» 
jAal  18  mofe  conunoq»  leaving  it  oi^n,  to  tbfi  detriment  of  the 
colotir;  bat  the  bladder,  not  being  injured,  n>aybe  repeat^dljr 
uaed  for  fresh  quaiititiea  of  colour.  The  bar^l  of  a  quill  may 
be  insesled  in  me  neck  of  the  bladder,  aa  a  substitute  for  the 
itiflk^  and  the  end  being  cut  off,  may.  be  cla«ed  by  a  swaU 
pioee  of  wood. 

Inardor  toiqake  the  whole  of  tbeprooeas  of  eolparrgrinding 
complete,  we  shall  here  insert  a  description  of  the  indig^o-miU 
i^ed  b^  Mv.  evades  Tayk»r,  of  Mluidb^stec,  foo  gimding 
vidi«o  m  a  dry  state,  winch  manr/  with,  equal  ad^vantage  be 
JWDW^  employ^  mooknirs.   k  ia  sf pceseoted  in.  figa^  468 

I^  fif .  468,  reprcMnts  a. mortar, made  of  mavhfe  orbard  stone ;  one  made 
m  ibe  oonmoB  wmy  will  answrar.  Mw  a  Buittef,  oiLgrindei^  aeatlv  ib.  ii^ 
fMs  ^r  ^  pmr;  ia  tha  uffm  psit  of  «hiib.tpifl»  ^  «  ionly  bnAf 
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i4ubk  nisittfie  fMt  NN  tont  in  gtoom  or  tliU^  cnt  m  tfi»  ] 
otiky  projtctiiig  boniontaUy  from  a  w«U,  and  wImd  the  «iif  is  at  ^ 
aievred  in  tha  grooTcs  bv  iron  pint  O  O.  P,  tlie  tuuxUe,  wfaidi  foam 
a  part  of  the  axis,  and  by  which  the  grinder  b  worked.  Q,  the  wait  ia 
which  the  oak  pieces  N  N  are  fixed.  R,  a  weight,  which  maj  oooskmaSf 
be  added  if  more  power  is  wanted. 

Fig.  468*,  riiows  the  mnller  or  ninder,  with  its  axis  separate  from  Ik 
othtf  ■wchiJuery ;  its  bottom  shookl  be  made  to  fit  the  mortar.  S  is  a 
grooTe  cut  through  the  stone. 

On  grindiqg  the  indigo,  or  similar  substance^  in  a  dry  state, 
in  tbia  mill,  the  muller  being  placed  in  the  mortar  and 
seciuredin  the  oak  pieces  by  the  pins,  the  indigo  to  be  grotuxl 
is  thrown  above  the  muller  into  the  mortar ;  on  turning  die 
handle  of  the  axis,  the  indigo,  in  lumps,  falls  into  the  groore 
cut  through  the  muller,  and  is  thence  drawn  tmder  the  action 
of  the  muller,  and  propelled  to  its  outer  edge  wiAin  the 
mortar,  whence  the  coafser  particles  again  fall  into  the  groore 
of  the  muller  and  are  again  ground  under  it^  which  operation 
is  continued  till  the  whole  of  it  is  ground  to  an  impalpable 
powder ;  the  muller  is  then  easily  removed,  and  the  coloor 
taken  out. 

A  wood  cover  in  halves,  with  a  hole  for  the  axis,  is  usually 
placed  upon  the  mortar,  during  the  operation,  to  prevent 
any  loss  to  the  colour,  or  bad  effects  to  the  operator. 


pottery: 

The  clays  best  adapted  for  the  manufacture  ot  carthca- 
ware  are  excavated  in  JOorsetshire,  and  the  next  in  quality  ia 
Devonshire. 

The  natural  compounds,  called  cla3rs,  consist  genenUy  of 
pure  clay,  or  alumme,  combined  with  either  silex  or  inne, 
and  sometimes  magnesia,  and  the  oxyd  of  iron.  The  pre- 
sence of  the  magnesia  may  easily  be  detected  by  its  impartiDf 
a  soapy  feel ;  and  the  iron  by  the  clay  burning  to  differeol 
shades  of  red,  proportionate  to  the  quantity  it  cootaiaa.  The 
magnesia  has  obtained  the  name  of  aoap-rock,  and  a  maiM 
variety  of  it  steatite. 

The  clay  is  first  put  into  a  trough  about  five  feet  long,  by 
three  wide,  and  2^  deep,  with  a  certain  proportion  <rf  water, 
and  subjected  to  the  process  called  blmfgingy  which  ia  obii- 
ously  a^  to  blending,  or  mixing.  This  is  performed  witha 
loi^  piece  of  wood  formed  in  the  shape  of  a  blade  atone  end, 
^nd  with  a  cross-handle  at  the  other.  The  bhided  end  is  pot 
into  the  trough^  and  moved  backwards  and  forwards,  up  aod 
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doms^'widiTioIeiiQe^tiUtlieday  be  taroken  and  wfU  Ie?igitedL 
The  eo«n«r  partklet  of  the  clay  aiiik  to  the  bottom  of  the 
trough^  whik  the  finer  parts,  remain  suspended  in  tbt 
solution ;  and  day  is  ccmtifttted  to  be  addea  until  the  solu- 
tion has  acquved  the  oonsisteoce  of  thick  cream.  This  thick 
liqnid  is  passed  into  a  large  tub,  and  afterwards  through 
fine  hair  and  silk  lavm  sieves,  and  then  mixed  with  certain 
prc^ortions  of  a  liquid  of  groupd  calcined  flints  and  Cornish 
stone,  which,  likewise,  have  been  passed  through  silk  lawn 
nerea* 

The  china  day,  which  is  used  in  every  kind  of  earthenware 
except  the  cream  colour,  is  sometimes  put  into  the  mass,  and 
bloneed  with  it ;  at  other  times  it  is  put  into  another  tub, 
and  blunged  separately,  and  is  Uien  mixed  in  proper  pn^K>r- 
tions  with  the  other  slip. 

The  slip  is  now  passed  into  another  large  stone  or  wood 
cisterD,  and  the  parts,  which  have  not  been  previously,  are 
now  added,  and  the  whole  is  passed  through  fine  lawn  mto  a 
resenroir,  from  whence  it  is  pumped  upon  the  slip-kiln. 

When  a  steam-engine  is  used,  the  clay  is  thrown  into  a 
vertical  cast-iron  cone,  about  two  feet  wide  at  top,  and  six 
feet  deep.  Inside  of  this  cone  are  fixed  strong  knives,  havinjg 
a  spiral  arrangement  and  inclination,  and  radiating  towards 
the  centre.  £i  the  centre  of  these  is  worked  a  perpendicular 
shaft,  with  nmilar  radiating  knives,  so  that  the  knives,  by 
the  revolution  of  the  shaft,  cut  in  pieces  every  thing  that  is 
thrown  into  the  cone,  and  force  downward,  agreeably  to  the 
natore  of  the  screw,  whatever  may  be  put  in  till  itis  dis- 
cbajif;ed  through  an  orifice  at  the  bottom. 

The  day,  Uius  reduced  to  powder,  is  next  subjected  to 
the  piooess  of  blunging.  For  ihis^purpose  it  is  throvm  into 
a  hurge  drcular  vat,  or  dstem,  having  a  strong  vertical  shaft 
of  wood,  with  arms  formed  like  a  gate  as  rad^i,  worked  bv 
the  power  of  the  steam-engine.  The  rat  is  nearly  filled  with 
proper  proportions  of  water  and  day,  which,  by  the  rapid 
motion  of  the  shaft,  becomes  well  levigated  and  mixed  ^ 
clay  or  wattf  beingadded  until  the  liquid  is  of  the  consist- 
ence of  cream.  The  liquid  is  then  passed  along  several 
trunks,  at  the  end  of  each  of  which  is  fixed  a  fine  hair  or 
lawn  sieve.  These  sieves  have  a  quick  horizontal  motion 
commumcated  to  them  by  crank  machinery,  which  causes  the 
slip  to  pass  through  into  a  large  reservcnr.  where  it  remains 
^fpumped  upon  the  kiln. 

The  flint  in  its  crude  state  is  the  common  flint  used  for 
ttrikifig  fire,  which  consists  principally  of  pure  sUex.    The 
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metiiod  of  eriobiiii^  n  h,  ty  plneky  It  te  a  fmB. ., 

k9n,  ^bcntt  nine  feet  Aeep^  md  Altogelber  b0(  mckuiiK 
that  used  ta  hnm  limefltone.  Whi»  ied«kat  ll  ia  tafcsntvil 
Qf  the  kiln  and  tkrewR  into  ceUwMer^iaocderto  IwoMiti 
mregaifon,  and  malce  it  eaaier  %o  Mdoot  to  pii^i,  Vm 
flmtn  next  broken  into  piecea,  altbar  hy  nuiMal.lBfcnnii^  ai 
macMnerj.  Where  manuid  labevria  attipl0yedkoneinaB.ii 
ftmnd  adequate  to  bveak  per  diaiia  taon^  to  i«fffy  twq 
flhit^^pana,  19  feet  Hamster. 

In  the  other  process  the  flints  are  pot*  on  a  strong  km 
grating,  and  are  stmck  by  laiffe  hammer^  watmed  hj  uor 
eMner]\  tiH  tfiey  be  ao  reduced  as  to  fsH  thmngh.  the  gtfAg 
into  a  caWtjr,  from  whence  tkny  arvtaken  to  the  ffiat^milL 

'  The /Kni-milt  consista  ef  a  laige  ctMolaf  xaX,  about  dfl 
inches  deep,  with  a  step  fixed  in  thp  centre  at  the  bottom 
for  the  axis  of  a  rertieal  wood  or  iron  ahdt.  The  imper 
end  of  the  shaft  h  sumounted  l^  a  laige  <rrown  eog-i^mifuif 
to  which  the  moving  power  is  implied.  The  loivcr  end  ha% 
at  right  anf^a,  four  leav^  cr  padflea^  like  anpa,  «pm 
#hich  are  £ced  chert  atones.  L«rge  blocks  o£  chactratoiie 
are  also  riaced  in  the  vat.  Theflintebtiiig  pot  into' tfo  tiI^ 
the  whine  is  oerered  with  water,  to  prevent  any  dapak  ham 
aririn|^,  which  had  fermeffly  a  very  iajueions  e£EBct»  BonRf 
being  commnnicaled  to  the  abafty  the  cheit-stones  ave  eac^ 
lied  round  ii4th  eonsMeiable  vehicity,  and  the  oalolattl  QudIb^ 
being  of  a  rery  fragBe  nature,  are^  1^  their  reci^wocal  Mtioo, 
reduced  to  an  impfJpable  powder. 

TUb  send-flnid  ia  put  into  another  vM,  tbat  has  a  maJm 
vertical  shaft,  and  when  a  large  ^uasitily  of  wator  baa  bem 
introduced^  the  power  is  implied  and  the  whole  ia  wdl 
levigated.  In  diis  proeeae,  the  weighty  j^aolidea  amfc  to  the 
bottom,  and  the  finest  remain  in  stt^»ensiptt|  whidi  are  tkea 
passed  into  a  reservoir  that  hae  eeitaia  apeituaes  for  Jammog 
off  the  surphiB  wator,  tili  it  haa  subsUM  to  a  atato  fi^  for 
tike  potter's  use.  This  is  a  vevjp  iraiportaDt  pKMfea^  and  ia 
attended  with  some  difficulty,  it  is  at  present  be^  pas 
formed  by  Mr.  Sampaon  Harney^  of  Saadon  MilL 

He  aMmufaetorec  slioiild  be  very  choice  in  adecting  the 
stones  to  be  easpioved  in  the  grind&tg ;  for  ahouU  tiiey  con- 
tain cakarepus  carbonates,  aaoh  parts  wiU  be  abraded,  and 
by  misdng  with  the  silieiotts  matt^  will,  in  a  suhsQ^wvt 
prooeae,  proved  serloua  iajucyk 

A  few  years  ago  a  loss  to  the  asMunt  of  several  ihoMmad 
^omdi  was  ameffenced  by  some  manafacturera,  who  had 
veiy  infudidoui^  putehaaed  stpnes  that  had  be^  ^oundby 
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a  person  ignomnt  of  the  Art,  and  who  had  employed  stones 
'tor  tbe  gifnding  contaiiihig  carbonate  of  lime. 

^The  arerage  weight  of  an  ale  jini  measure  of  the  pnlp  of 
flint  is  S2  oz. ;  and  of  elay  34  oz. 

In  some  manufactories  the  pulps  are  mixed  together  in  a 
herge  rat,  by  a  process  similar  to  that  frst  described  of  mix- 
ing the  clay  with  the  water.  But  however  the  mixing  be 
ac^cnnplished,  great  attention  nmst  be  paid  to  the  relative 
speofic  gravity  of  each  fluid,  and  more  of  the  solution  of  the 
ffcDt^  or  the  clay,  must  be  added,  till  a  pint  of  the  mixture 
^preigha  the  detemmied  number  of  ounces.  It  is  by  the  con- 
rifltence  and  weight  of  these  materials,  that  the  manufacturer 
is  enabled  to  ascertain,  tbe  ]>roper  proportions  requisite  for 
eaeh  kind  of  pottery ;  and  it  is  nrom  diese  that  he  can  calcu- 
late, whether  there  be  a  probabili^  of  maMng  any  improve- 
ntent  lliat  will  yield  him  a  profitable  return. 

When  the  proper  proportions  of  slop  day  and  flint  have 
been  well  blunged  together,  the  liquid  m  pumped  out  of  the 
re«erv(nr  on  the  top  of  the  slip-kiln. 

The  slip-kiln  is  a  Mnd  of  trough  formed  of  fire-bricks*  of 
Tarioua  sizes,  from  90  to  60  feet  in  length,  by  from4  to6 
in  breadfli,  and  about  12  inches  in  depth.  Flues  from  tiie 
fire-places  pass  under  these  troughs,  and  the  bricks  of  which 
thisy  are  formed  being  bad  conauctors  of  heat,  a  slow  and 
advimtageous  process  of  evaporation  is  carried  on,  which  gives 
uniform  consistence  to  the  mass. 

Yhe  porceldn  clay  is  neyer  aHowed  to  boil,  but  is  carefully 
evaporated  at  a  slow  heat  on  a  nlaster-kQii :  the  gypsum 
being  run  on  old  moulds  pulverized,  and  thus  forming  a  level 
surface. 

The  slip-maHer  carefully  attends  to  ^  evaporation,  apd 
at  proper  lutervalp  turns  over  with  a  middle  the  thickened 
mass  from  one  end  to  tiie  other,  else  tne  part  nearest  to  tho 
bricks  would  become  hard,  while  the  surface  were  fluid.  To 
restate  the  heat  three  dilBrereut  thicknesses  of  bricks  are 
empk>yed,  the  thidkest  being  placed  nearest  to  the  fire-place^ 
where  is  the  greatest  excess  of  beat. 

Wben  a  sufficient  quantity  of  the  ipoisture  is  evaporated,  * 
which  i^  indicated  by  the  cessation  of  apparent  effervescence, 
or  the  absence  of  a^-bubbles  on  the  sumce  of  the  mass,  tiie 
ceoiposition,  still  called  clay,  is  removed  to  the  flags, 

If  die  evaporation  were  contbued  longer  the  clay  could 
not  be  formed  into  the  required  shapes,  either  on  the  wheel, 
pr  by  the  vaty  but  would  be,  what  is  caUed  knotty,  lumpy. 

Tne  clay  is  cut  out  of  the  kOns  in  square  masses,  by  means 
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of  spadet,  «ad  is  Uixown  iato  a  heap,  where  it  attained  ao 
uniform  iemperatore  of  cold  and  moisture.  The  longer  it 
cao  lie  after  coming  <^  the  kihi  the  better  it  will  be;  bat  the 
time  Im  arbitrarily  varied  bjr  the  want  of  room,  of  time,  or 
of  cimital. 

When  the  clay  is  first  taken  off  the  kiln,  it  is,  partly  from 
the  air-bubbles  remaining  in  it,  and  partly  fitmi  tiie  non- 
dissipation  of  the  heat  requisite  for  evaporation,  too  soft  to 
be  worked.  On  this  account  it  is  well  incorporated  together, 
or  tempered,  by  beating  with  wooden  mallets.  It  is  then 
cut  into  small  pieces  wiUi  a  paddle,  not  much  unlike  a  spadc^ 
and  from  the  paddle  each  piece  is,  with  all  the  force  ot  tbe 
workman,  propelled  upon  the  mass.  These  two  opersatons 
are  repeated  until  a  proper  consistence  pervades^  and  die 
whole  is  supposed  to  be  well-tempered. 

When  the  clay  is  required  for  the  thrower  the  process  of 
skiing  follows  next.  This  is  perfonned  by  a  strong  man, 
who  places  a  larffe  mass,  about  half  a  hundred-weight,  upon 
a  convenient  and  strong  bench.  He  then,  with  a  Uiin  bnss 
wire,  cuts  the  mass  through,  and  taking  up  the  piece  thai 
cut  off,  he,  with  his  utmost  strength,  casts  it  down  again  on 
the  mass  below ;  and  continues  the  operation  as  long  as  a 
considered  necessary. 

This  is  a  very  laborious  process,  and  is  absolutely  neces- 
sary to  drive  out  an^  air-bubbles  which  may  happen  to  remain 
in  the  mass  after  it  has  been  beaten :  for  should  any  be  left 
in  the  clay  the  pieces  on  being  fired  would  blister  and  qwO, 
owing  to  the  rarefaction  of  the  air  by  the  heat  On  this  very 
important  account,  the  process  is  continued  until  the  nuM, 
wherever  cut  by  tlie  brass  wire,  exhibits  a  surEftce,  perfectly 
smooth,  and  hoipogeneous. 

In  several  of  the  largest  manufactories  the  labour  of  slap- 
ping the  clay  is  superseded  by  mechanical  contrivance.  A 
auantity^  of  the  mass  from  the  slip-kiln,  when  rather  cold,  h 
lirown  into  a  large  conical  iron  vessel,  (similar  to  that  em- 
ployed in  breaking  the  clay,)  with  strong  knives  fixed  in  it, 
with  a  given  inclination,  witfi  correspon£ng  knives  radiatii^ 
.from  a  vertical  shaft,  moved  by  the  steam-enc^ine  with  a  slow 
and  regular  motion.  By  these  means^  all  the  day  put  into 
the  cone  is  very  minutely  separated,  and  pressed  doVni,  ai 
by  a  screw,  so  that  the  mass  just  cut,  and  di\4ded,  is  instantly 

Xtezed  together  again,  and  is  then  similarly  affected  by 
r  knives  below.  At  the  bottom  of  the  cone  on  one  side  i^ 
a  quadrangular  aperture,  through  which  the  clay  is  gradually 
forced,  and  is  by  a  ibin  brass  wire  cut  into  brick-shapcd 
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.  pieces  of  from  50  to  60  poimdn  weight*  Sometimes  these 
masses  are  for  particular  purposes  returned  into  the  cone^  and 
undergo  the  procesi^  a  second  time. 

Wedging  the  clay  is  a  similar  process,  though  never  omitted 
by  the  presser,  or  squeezer^ovrever  well  it  may  have  been 
beaten  by  the  slip^maker.  The  pressor  cuts  off,  with  a  thin 
brass  wire,  a  piece  of  clay  from  the  mass,  which  he  slaps 
forcibly  between  the  palms  of  his  hands,  and  then  with  great 
violence  throws  it  on  the  board;  continuing  the  operation 
untn  the  commixture  is  so  complete  that  there  is  no  proba* 
billty  of  any  air-bubbles  remaining.  If  one  of  the  two  first 
pieced  of  cuy  had  been  white,  and  the  other  black,  the  mass, 
after  undergoing  these  processes,  woidd  present  wherever  cut 
a  uniform  grey  colour. 

It  b  owmg  to  the  mass  being  properly  wedged  that  that 
consistency  and  tenacity  is  obtained,  which  enables  the 
woricman  to  employ  it  with  fsuulity  and  confidence  in  the 
fiibrication  of  the  different  pieces  of  pottery  which  he  has  to 
make.  The  clays  for  vessels  require  different  degrees  of 
wed^g;  and  some  kinds  require  much  more  careful  and 
continued  wedging  than  others. 

*  The  clay  may  now  be  considered  ready  for  the  thrower. 
The  throwin^'Wheel^  or,  with  greater  propriety,  the  throwing^ 
engine^  consists  of  a  laree  vertical  wheel;  having  a  winch  or 
handle  affixed  to  it,  and  a  groove  on  the  rim  for  the  intro- 
duction of  a  cord.  The  whole  is  fixed  upon  a  strong  movable 
plank,  by  which  the  cord  can  be  slackened  or  tightened  at 
pleasure,  and  then  upon  a  frame  nearly  triangular,  or  half- 
oval,  and  about  30  inches  in  height,  with  a  broad  ash  hoop 
placed  edgewise  on  the  fore  part,  about  six  niches  deep. 

In  the  centre  of  this  frame  is  a  vertical  spindle,  with  its 
lower  end  fitted  and  workbg  in  a  step.  A  little  above  this 
is  a  pulley,  with  grooves  for  three  speeds  of  the  propelling 
power,  connected  with  the  throwing-wheel  by  means  of  a 
cord  or  belt;  and  a  little  higher  up  is  a  pivot  turned  to  fit 
and  work  in  a  collar- step.  On  the  upper  end  is  a  stout 
wooden  circular  top,  which  revolves  horizontally,  and  is  in 
diameter  about  seven  inches;  and  other  tops  of  different 
diameters  are  in  readiness  to  be  fixed  on,  according  to  the 
intended  size  of  the  vessel  to  be  made. 

The  engine  is  set  in  motion  by  manual  labour,  applied  at 
the  winch,  and  pother  man,  caUed  the  bcUler,  cuts  with  a 
thin  piece  of  brass  wire  a  piece  of  clay  from  the  mass  on  the 
bench,  and  forms  it  into  a  oall,  which  he  gives  to  the  thrower. 
If  china  is  to  be  made,  the  bailer,  previously  to  forming  tiie 
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clay  into  a  ball,  breaks  it  in  two.  aud  violently  daps  it  t^ 
th^Tf  between  the  palms  of  Ms  hands.  TTie  tnrotiw  foTtSf^ 
throws  the  ball  down  upon  the  horissontal  revolving  tof  of 
the  engine^  and  dipping  his  hands  frequently  into  waCe^  to 
prevent  the  clay  acUierlng  to  them,  fashions  it  into  aloiig 
thin  column,  which  he  again  fotces  down  iirto  a  lump,  and 
continues  to  repeat  the  operation  until  he  is  satisfied  that 
the  air-bubbles,  which  might  have  remained  In  the  clay  after 
theprocesses  of  slapping  and  balling,  are  dispelled. 

Trfie  thrower  now  directs  the  s^eed  of  the  engine  to  be 
lessened,  and  with  his  fingers,  which  he  firequentlv  dipt  is 
water,  he  gives  the  first  form  to  the  vessel;  then  wiA 
different  prq/iIeSf  or  ribs^  he  forms  the  inside  of  the  vessel 
into  whatever  shape  may  be  required,  and  smoothes  it  bf 
removing  the  slurry,  or  inequalities. 

If  a  number  of  vessels  of  the  same  size  be  required^  tk 
thrower  has  a  peg  placed  as  a  gaii^e,  which  serves  to  dired 
him  in  the  width  and  depth  j  and  when  the  vessel  has  tir0 
diameters,  as  the  neck  and  body  in  a  jug,  he  has  two  peg^to 
guide  him. 

The  thrower  forms  all  circular  vessels  in  this  manner;  and 
he  employs  different  sized  ribs  to  finish  the  shapes,  or  svdl 
of  the  edge,  &c.  When  he  has  thus  given  the  first  fomte 
the  clay,  he  cuts  the  vessel  from  the  head  of  the  engine,  bj 
passing  a  thin  brass  wire  through  the  lowest  part  of  the  d^i 
which  separates  it,  and  aDowa  It  to  be  easHy  lifted  ofl^  SM 

f>laced  by  th^  bailer  on  a  long  board  or  «hell  wheie  ft  h 
eft  to  dry  a  little  prepwatory  to  beipg  tumedy  or  profeciy 
smoothed  and  shaped. 

Where  large  vessels  are  made,  and  the  power  of  a  steam- 
engine  applied,  acccwrdii^g  to  Mr^  J,  Wedgwood's  method,  t 
pair  of  vertical  cones  is  used,  the  apex  of  the  one  h^ 
opposite  to  the  vertex  of  the  other.  One  of  these  cooes  » 
driven  directly  by  the  steam-engiBe,  and  transmhs  inotk« 
to  the  other  by  means  of  a  broad  belt  or  strap  of  leather, 
which  is  always  equally  tight  in  any  and  every  pact  of  the 
cones,  because  they  are  eqim  and  reversed;  bnt  it  is  jbm 
that  the  speed  of  the  driven  cone  will  vary  muck  acov&V 
as  the  belt  is  at  the  tep  or  the  bottom  of  the  driving  qi» 
When  the  belt  is  at  the  bottom  or  thinnest  part  ofthediifi«| 
cone,  the  driven  cone  moves  ve^  slowly }  as  the  belt^  ai* 
to  aacend,  the  «peed  of  the  driven  cone  increases,  and  ah^ 
oiatelf  attains  its  nuximuni  when  the  belt  is  at  the  top.  A 
strap  IS  attached  from  the  driven  cone  to  the  spindle  of  ^ 
t^urowing-engine,  and  the  iq>eed  is  varied  at  th«  thrower  i 
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tilettMve^  b^  a  txly  itooririMj^  a  dcre6tu«  ^mtkk    Wheik  the 
article  is  finished,  the  machine  is  throvn  ottt  of  geet*. 

For  foraibg  saiksffs,  aad  other  small  cifeular  aitidiefS)  fhere 
lias  been  reent^  introduced  a  small  tctftkal  sbalt,  cdOed  a 
figgtTy  OB  the  top  ofidiich  is  a  tvmed  head,  suited  to  raeeiii^ 
tfettiBiooMM  wlikhtiieaaaceia,&o.  are  4o  be  ftiriMd. 

Vftmn  the  ehy  is  fai  one  'peouliar  state,  caUed  the  gr^iu 
4iallr»  ft  istiiemost  svitabfe  aod  pnoffw  for  peeKfiniiuiig  to  the 
gt^MMt  adnsifem;e  the  renaini«g  openttioiia  and  processes  «f 
nirahm^  haadlksg^  trimBmy,  tew 

Tbe  tmnmg^latkB  is  the  saatt  aa  used  by  wood^iamenk 
tile  wd  of  the  opJadlC)  outside  the  faeadstodc^  hmnttmnm 
thnad^iipott  wldcdiiastxre»peddbdbof:ii^^  «f  a  tapered 
form,  and  bfdfEBMatdianietars,  acocirdhi^  lo  the  siaeoftte 
interior irf die  articles  of  petterjr  to  be  turned.  Thetotmr 
stands  yerjr  steady,  isiBd  receives  from  an  srittendatit  4he.  r^md 
tohe  tomed^ ^hich  he  tiKCBtrnprn  thm  ekoA,  and  then  aMi a 
tod  presses  ithe  edges  dose  doivn* 

Tit  tools  are  of.  diffiireBt  aiaes^  firom  ent9  <(uarterof  ail 
hnh  to  t#o  itudiea  in  bBsadth,  «bd  six  imAtes  la  length 
iiaide«ftfainirt)n,lihe3«ttp«JDBiS  die«iri  lor  culttiaf  hmg 
tamed  op  ahiM  a  l^artet'iolaaiMh,  aad  grcHiad  eharp^ 

Motion  beinf  oommnwiniqtt^  to  the  lalihc^  the  Uuraer 
Implies  his  tool  or  tools  to  the  various  parts  of  the.surCsoe 
mat  re^poire  ledactimt  df  sahstsBee,  eitber  ab  rmardt  thick- 
nets,  or  the  snitabia  shapes  efirims,  feet,  fcc.  When  this  is 
osmptcted^a  cemtriity  metisais  eommntiicaled  to  the  (^andle^ 
doriag  widdi  the  tolnnr  d^iee  tJbe  ilat  part  of  his  tool  to 
the  vessel^  and  by  gende  peesaaeei^tes  it«  smooth  eurface^ 
aad  seiid  teKtore. 

In  the  turning-lathes  moved  by  steam  86me  particular 
wnagements  are  made.  A  hevtentsl  ahsft  T%m$  the  whple 
ka|^  of  the  room;  and  opposiibe  to  ouch  laUie  is  a  drwai 
«h»h  consmuniostea  motbn  to  a  laet  ^  puUeys,  of  various 
rifts,  flKed^m  an  arbor  or  shift,  toy  mcana  of  a  leather  belt. 
Upm  thk  arbor,  or  ahafk,is  a  laoae  pidleyi  connected  by  a 
oossed  bdt  with  a  snodl  puBey  fiwd  on  the  spmdle  of  the 
tefae,  ivhich  eridentiy  ndU,  irhctiever  the  strap  from  the 
^t&m  is  directed  open  the  fatse.  p«Uey»  eeoeiye  a  retrctfrade 
«itkm.  The  spindie  hsa  peBeyi  coanter  to  these  fitted  on 
^  ttrbat^  and  as  they  are  ^er  4wndTiog»  the  •Greeting  of  the 
Mt  fiEOm  ibem  to  tibe  apandle»  hj  a|;iiide  moved  by  the 
^«kiaaa's  bot,  viU  inoffease  or  dinibiieh  the  n»e#d  Am9§ 
^  teming  of  tiae  veasel  un^r  eperatton^  wd  whea  it  ia 
'^^  *    *  by  mgraig  the  dmdm^taiip^m  Another  pttUey,  retr^ 
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gmde  inotioD  is  ^en,  during  wUeh  the  turner  toootfai  dt 
his  article,  as  biiore  noticed. 

The  engmt^lathe  is  of  the  kind  employed  to  give  unto 
•circolar  aildcks  erf  hardware  a  milled  edge  5  consequentlyy  it 
differs  from  the  other,  or  common  lathe,  in  the  formation  of 
the  end  of  the  8pin<He,  and  the  appendages  to  the  headstoA. 
Certun  thfai  circular  plates  of  sted,  into  whose  edges  are  cot, 
al  rq^nlar  intervals,  and  of  different  d^rees  of  breadth,  deep 
incisions,  are  made  to  screw  very  firmly  on  die  end  of  the 
spindle  above  the  chock.  The  odlar-Btep  of  the  sjpnAe  it 
so  fittad  that  it  can  be  effected  by  a  screw  pin,  whhdi  gives  it 
the  requisite  horiasoutal  ahnffiing  ^motion.  Opposite  to  de 
steel-plate  is  fixed  an  iron  piece  that  fits  into  the  incnaioBa 
The  tiumer's  tools  are  filed  tp^i^ve  the  particolar  form  totibe 
designed  ornament,  and  the  vessel,  having  been  previoorif 
turned  in  the  plain  way,  recrives  a  sfaufiKng  motion  bsck- 
WBrds  and  forwards  as  tte  sptndk  alowly  revolves,  aendanlj 
when  the  indsion  admits  the  piece  of  iron  will  the  Tessel  be 
in  contact  with  the  tool  oi  the  woikman.  When  iim  iron  U 
against  the  rim  the  suifsce  renudha  nntoncfaed  by  the  tool 
Numerons  very  elegant  and  cuisoosly  indebted  poioslun  arti- 
rles  are-  formed  by  the  enginei-kthe.  The  bbek  E^mdaa 
eireular  tea-pots  wili  exemplify  every  species  of  engine-Jstbe 
turning. 

As  the  vessels  as  soon  as  tamed  are  in  tlie  beat  gvees 
state,  they  are,  as  soon  as  possible,  passed  to  the  haniUr^ 
who  fixes  the  spouts,  handles,  and  all  other  requxsile  appcs* 
dages.  Such  spouts,  handles,  or  q>pendages,  as  are  in  any 
way  curved,  oval-shaped,  or  omamented,are  formed  in  mouUs 
of  two  or  more  parts,  as  will  be  seen  hereafter  when  speakii^ 
(Sf  squeezing. 

For  handles,  and  some  other  articles  of  appendage,  a  pceif 
is  used,  consisting  of  an  iron  cylinder,  ox  inches  wide,  -sod 
ten  inches  deep.  This  cylinder  has  a  strong  botton^  with  as 
apertare  in  the  centre,  to  which  is  made  to  fit  di&rentlf 
shaped  plng^.  ^  It  has  a  piston  actii^  by  a  screw,  that  woda 
in  a  bent  iron  bow,  fiuitened  to  the  block  on  whidi  the  cyfia- 
der  rests.  The  aperture  being,  supjdied  with'  a  phig  of  the 
required  form,  some  clay  is  put  into  ^b/t  cylinder,  and  tk 
piston  forced  down,  by  turning  liie  screw,  whi<^  cansei 
the  clay  to  protrude  through  the  aperture  in  the  dupe 
required.  The  woriunen  cut  it  into  lens;th«i,  as  wanted,  and 
bend  it  into  the  required  form,  and  when  suffldentiy  dr^ 
HfBx  it  to  the  vessel  by  dip.  SUp  is  Ukewise  used  to  affix  d 
other  appendages.    When  a  tube  is  wanted,  a  pin  is  fixed 
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A  the  clay  that  protrudes  through  the  aperture  of  the  cylin^i^ 
ler^  n  pin  is  fixed  above  the  centre  of  the  plug.  The  vessel^ 
ieing  allowed  a  short  time  to  dry,  is  cleared  of  all  the  super* 
Ittous  clay  by  a  knife.  The  vessel  is  then  trimmed  with 
jther  tool^  and  the  whole  of  the  joints  cleaned  off  with  a 
noist  Bfongey  which,  while  it  carries  off  all  excrescences, 
pves  to  the  whole  uniform  moisture. 

^Ve  shall,  previously  to  mentioning  the  process  of  squeez- 
tngy  take  notice  of  the  modeller  and  the  mould-maker,  whoset 
[>ccopations  are  very  distinct  branches  of  the  art» 

The  modeller  has  great  sco^  for  the  exertion  of  natural 
and  acquired  ability,  taste,  and  mgenuity:  for  on  him  depends 
the  elegance,  si2e^  figure,  adaptation,  and  correct  arrange- 
ment ot  suitable  ornaments*  His  business  consists  in  taking 
a  large  lump  of  well-tempered  clay,  and  modelling  it,  by 
continued  carvings,  with  a  sharp  narrow-bladed  kmfe,  into 
the  rough  figure :  he  then  commences  the  trimming  process^ 
by  removing  all  excrescences,  inserting  any  additions,  and 
finally  with  a  great  variety  of  suitable  tools,  made  of  ivory^ 
wood,  or  meti^  ^ves  to  the  whole  the  several  touchings  and 
retouchings  reqmsite  for  finishing. 

The  modellers  of  the  present  day  have  attained  much 
excellence,  and  asaproc^  we  need  only  to  state,  that  manv 
who  have  seen  the  Portland  or  Barberini  vase  (for  model- 
ling of  which  Mr.  Wedgwood  is  said  to  have  paid  Webber 
the  enormous  sum  of  four  hundred  pounds)  declare,  that  any 
good  modeller  would  now  execute  the  whole  himself  in  less 
than  a  mouth,  and  with  a  proper  assistant  in  a  fortnight. 
The  branch  of  modelling,  however,  is  by  far  more  common 
now  than  it  was  in  the  time  of  Mr.  Wedgwood ;  and  good 
workmen  obtain  fidr  remuneration  for  their  labour. 

The  mauld^tnaker  receives  the  model,  and  forms  from  it 
the  requisite  moulds,  by  employing  plaster  of  Paris. 

The  gypsum  or  native  sulphate  of  lime  plaster  is  first 
ground  m  a  mill,  similar  to  a  flour-mill.  It  is  then  put  in  a 
long  trouf^,  under  which  runs  a  flue  conununicating^  with  the 
fire,  tu  effervesce  until  all  the  water  is  enelled.  Tms  process 
is  trailed  both  bailing  and  burning.  The  workman  has  his 
mouth  and  nose  always  well  covered,  to  prevent  his  inhaling 
any  of  the  dusty  parucles,  which  would^  if  taken  inwardly^ 
be  very  prejudicial  to  the  lungs. 

The  mould-maker  forms,  and  secures  by  a  broad  strap,  a 
casing  of  thick  clay  round  the  model :  he  then  mixes  in  a  jug, 
containing  a  certain  quantity  of  water,  the  proper  portion 
of  the  8C&  impalpable  powder  or  plaster,  and  stirring  it 
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quickly,  Uiat  the  water  may  have  an  <^iportiinity  of  p^rm^ 
it  thoroughly^  poun  it  upon  and  around  the  model :  in  «OBt 
instances  gently  or  briskly  shaking  the  mass.  Soot  hettb 
immediately  given  out,  and  the  whole  rery  soon  becomet  a 
compact  mass.  After  standing  a  short  thnc^  the  mould  if 
easily  separated  from  the  modd^  and  each  part  ifi  placed  in  i 
stove  to  be  dried. 

When  the  moulds  are  found  to  be  perfect,  they  are  kqit 
dry,  by  which  they  retun  the  property  of  absorbinf;  moisUae 
with  great  nudity,  so  that  the  sque^er  can  often  scptnte 
bis  work  from  them  leadil^,  and  when  this  ia  the  case,  tlie 
mould  is  said  to  deliver  easily. 

In  some  of  the  prmdpal  manufiEictories  large  slabi  of 
piaster  are  fitted  up  as  shelves,  whidi  serve  the  twofcU 
purpose  of  holding  the  newly-formed  articles,  and  (tf  frudlitat- 
ingthe  drying,  by  absorbing  a  portion  of  the  moisture; 

The  workman,  called  the  dUU-wHiherj  who  uses  monUi, 
for  dishes,  plates,  saucers,  wash-bo^s,  or  hollow  wm, 
always  cuts  off  from  the  mass  a  piece  of  clay  according  to  tiie 
me  and  strength  of  tbe  article  he  has  to  make.  This  k 
again  cuts  asunder,  or  breaka  with  his  hands,  repealing  the 

2 oration  of  fordbly  slapping  than  together,  to  preveot  aoj 
^bubbles  from  remaining  m  it.  The  piece  is  thaa  laid  on 
a  flat  surface  of  board,  or  plaster,  and  the  workman  with  a 
beavj  lump  of  clay,  witii  a  level  under-surfiace,  adapted  for 
boldmg  in  the  hand,  beats  the  day  to  the  thinness  the  vesel 
is  intended  to  form#  These  j^iecefi  of  day  are  technicsDj 
called  iotf. 

For  wash-bowls,  dishes,  or  iJates,  the  woikman,  called  the 
^hirler,  uses  a  vertical  spindle,  sunnmuited  with  a  circaiff 
block,  ten  inches  diameter,  and  about  two  inches  thidu  Oa 
this  he  places  his  plaster-mouldy  and  with  a  bat  lays  the  day 
properly  upon  it|  he  then  with  one  hand  gives  motion  lo  the 
whole,  while  wiUi  the  other,  dij^ed  in  water^  he  piesses  te 
day  very  dose  to  the  nlaster-mould :  then,  when  an v  sd£- 
tional  piece  is  required,  as  die  ledge,  ox  foot,  it  is  jomed  m 
with  sUp,  and  finmy  squeezed  to  Uie  o^r  clay.  AfterwisA 
a  suitable  thin  tool  or  utensil  of  pot,  of  the  profile  of  thi 
inside,  is  aj^lied,  to  give  the  proper  shape  and  thinness. 
The  sponge  is  now  again  em^oyea  to  clean  off  all  eouats^ 
cences ;  the  whole  is  cut  to  its  size,  finished  with  the  spoo^ 
and  set  to  dry  a  little,  and  a  horn  tool  is  employed  to  tnin 
it  off. 

The  moulds  are  capable  of  being  used  five  or  six  times  id 
succession  each  day,  because  as  soon  as  one  has  been  chsiged 
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ft  i0  set  In  a  stove  to  diy,  and  as  the  workman  proceeds 
molarly,  each  is  allowed  equal  time  for  dryin^^. 

When  the  bowls,  dishes,  o^  plates,  are  taken  off  the 
mouIds>  and  have  been  pared  round  the  edge  widi  a  thin 
bhided  knife,  they  are  slightly  polished  hf  the  hand,  and 
afterwards  laid  on  each  other  in  quantities  6f  four,  eight, 
twelve,  or  more,  according  to  their  size  and  strength,  to  diy 
and  hatden,  preparatory  to  bebg  placed  ih  Bligg^  for  the 
biscnit-oren. 

The  squeezer  generally  uses  moulds  which  have  two  or 
more  parts*  Tlie  moulds  mr  figures  have  their  parts  numbered. 
He  tutes  a  bat  of  a  proper  size  and  thickness,  and  lays  it 
in  one  part  of  the  mould,  then  with  a  large  sponge  beats  and 
well  forces  it  into  all  the  cavities;  he  next  takes  another 
part,  on  which  is  the  bottom,  and  presses  the  two  parts  toge- 
ther; he  then  roHs  a  piece  of  day,  and  forces  it  into  those 
parts  of  the  article  where  the  mould  joins  together,  and 
afterwards  deans  off  all  the  excrescences,  and  secures  the 
parts  by  a  leather  strap,  so  that  they  cannot  come  adunder 
while  the  mould  is  in  the  stove,  or  on  the  shelf,  to  dry  to  the 
green  state.  When  he  takes  the  strap  off,  the  parts  of  the 
mould  are  carefully  separated,  and  the  vessel  nnished,  by 
the  joints  being  pared,  cleaned,  and  sponged.  The  spouts, 
handles,  covers,  ornaments  on  the  outside,  and  figured,  are 
dmilarly  formed  and  finished  off. 

This  part  of  the  process  was  formerly  performed  by  casting; 
but  casting  is  now  only  employed  for  the  most  elegant 
tnmrular  shapes,  where  strength  is  not  important. 

nnie  very  dry  mould  is  well  closed  together,  and  strapped 
for  security.  Some  clay  is  then  mixea  with  pure  water  till 
it  be  reduced  to  a  pulp  of  the  consistence  of  cream.  This  id 
poured  into  the  mould  until  it  be  filled,  and  the  plaster,  of 
which  the  mould  is  formed,  absorbs  the  water  firom  the  clay 
that  lA  contiguous  to  it,  and  leaves  a  coatmg  of  day  attached 
to  the  mould.  The  pulp  is  then  poured  out,  and  the  coatinff 
allowed-  a  Short  time  to  dry;  a  second  charge  of  a  much 
thickef  consistence  is  then  poured  in,  and  forms  a  body  suffi- 
dently  thick  for  the  artide  intended,  and  when  a  coating  is 
again  fomied,  the  remainder  of  the  pulp  is  poured  off,  aud 
the  mould  placed  a  short  time  near  a  stove,  and  when  suffi- 
ciently dried  is  separated,  and  the  article  left  to  dry  to  tiie 
green  state :  the  seams  of  the  joints  are  then  smoothed  off,  and 
tiie  article  is  finished  by  the  skill  of  the  workman,  and  when 
thoroughly  dried  is  placed  in  a  sagger  for  the  biscuit-oven. 

All  the  articles  made  in  the  clay  by  these  various  processed, 
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after  being  finished  in  reference  to  their  shapes,  figures,  «ze% 
ornaments,  &c.  are  placed  on  boards,  and  left  to  dry  by  th« 
temperature  of  the  apartment  where  they  were  made,  or  pot 
intp  a  drying- house,  green-house,  or  stove. 

The  sagger-maker*  is  expected  to  know  the  exact  pro^orr 
tions  of  marl,  old  ground  saggers,  and  sand,  that  are  requu^ 
to  form  the  best  saggers  for  either  pottery  or  porceliia^ 
Saggers  are  of  diiferent  sizes,  shapes,  and  depths,  formed  m 
a  very  porous  comj>osition,  and  cmMe  of  bearings  withoat 
being  fused,  a  most  intense  heat.  The  bottom  of  each  sagger 
has  a  thin  layer  of  fine  white  sand,  to  prevent  the  pieces  d 
pottery  touching  and  adhering  to  it. 

For  porcelain  flat  ware,  as  plates,  &c.  the  sagger  is  i» 
firmly  filled  with  very  dry  flint,  to  preserve  each  piece  in  ito 
proper  shape.  When  a  sagger  is  filled  with  clay  ware,  m 
its  outer  edges  are  placed  tmck  pieces  of  coarse  day,  caM 
wads  from  their  bemg  employed  to  wedge  or  closely  job 
the  interstice  between  two  saggers,  as  well  as  to  support  tk 
edges,  and  preserve  equal  pressure. 

Each  pile  of  saggers  placed  in  an  oven  is  called  a  bimg; 
and  the  man  who  places  the  ware  in  the  saggers,  and  tbc 
saggers  in  the  oven,  the  aven^man. 

Tiie  potter's  oven,  for  both  biscuit  and  gloss  firings,  is  Tcrj 
much  Iflce  that  in  which  bricks  and  tiles  are  usually  burnt  itt 
most  parts  of  the  kingdom;  that  is,  a  cylindrical  fonn, 
surmounted  by  a  dome.    Around  this  oven  are  formed  fire- 

S laces  or  mouths,  whence  the  fire  passes  into  horizonUl 
ues  in  the  bottom,  and  perpendicular  flues,  called  bagf,oQ 
the  inside,  and  so  ascends  through  all  the  interstices  of  the 
bimgs  of  singers,  until  the  surplus  escapes  through  the 
aperture  in  the  dome  of  the  oven. 

Most  ovens  are  surrounded  by  a  high  conical  buildingi 
called  a  hovel,  large  enough  to  allow  the  man  to  wheel  ootli 
to  the  requisite  places,  and  to  pass  along  to  supply  each  moutb 
with  fiiel;  and  at  the  sametimeto  protect  both  him  and  the 
oven  from  rain  or  any  other  atmospheric  inclemency. 

The  saggers  are  sometimes  placed  to  dry  in  the  siaes  of  the 
hovel,  and  sometimes  in  a  smoke  house. 

The  biscuit-oven  is  always  the  largest  upon  the  premises. 
The  workman  is  called  the  biscuit  fireman,  and  is  emplojM 
firom  48  to  50  hours  at  a  time.    The  heat  is  graduatlly  ifi* 

•The  word  "  sagger  "  is  by  many  supposed  to  be  a  comiptioD  of  n^ 
guard ;  b\x  we  are  disposed  to  date  its  origin  to  the  Hebrew,  fton  tbe 
word  tagar^  to  bum.  It  is  a  baked  earthen  ressel  into  whidi  odiert«» 
placed  when  ptn<4ato  the  kiln. 
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creased  throughout  the  time,  but  porcelain  does  not  require 
it  so  lonKy  as  it  more  readily  allows  the  heat  to  be  raised. 

In  dirorent  parts  of  the  o?en,  where  they  can  be  easily  ex* 
tracted,  rings  of  Egyptian  black  clay  are  placed,  as  trials,  by 
which  an  experienced  fireman  can  tell  how  much  longer  the 
process  must  be  carried  on,  not  within  an  hour,  as  indi-^ 
Gated  by  Wedgewood's  pyrometer,  but  within  ten  minutes. 
Hence  the  pottery  district  has  a  very  pertinent  proverb : 
«  Notkmg  betUs  a  trials 

The  name  of  the  ware  thus  fired  is  biscuit,  because  of  its 
being  to  appearance  and  feel  like  ship-bread  when  well  baked; 
die  surbce  is  devoid  of  any  appearance  except  that  of  a 
tobacco-pipe,  sometimes  tinged  by  the  intense  heat.  When 
the  saners  are  taken  out,  the  articles  are  carefiilly  sorted^ 
and  an  mjured  pieces  are  rejected. 

If  pottery  were  used  in  the  biscuit  state,  it  would,  in  some 
cases,  be  permeable  to  wateF;  hence  wine-coolers,  alcazaras, 
are  always  in  the  biscuit  state.  Tlie  best  size  ct  wine-coolers 
b  that  which  just  admits  the  bottle,  for  then  the  ur  of  the 
room  can  very  little  affect  the  water  in  the  cooler,  which  con- 
sequently, by  passing  firom  the  inner  to  the  outer  surfiuse,  effects 
the  purpose  sooner ;  a  humid  coating  being  thus  presented  to 
the  action  of  the  surrounding  atmosphere,  the  evaporation 
causes  a  consequent  quicker  diminution  of  heat  than  could 
tike  place  with  a  dry  surfiEu:e 

All  articles  of  pottery  which  have  but  one  colour,  and  many 
that  have  severs^  are  m  general  ornamented  eithar  by  the 
pencil,  or  bv  impressions  taken  from  copper-plates.  Tlie 
former  is  caued  blue,  or  biscuit-painting,  the  latter  blue^' 
ffrinting.  Both  processes  take  place  on  the  biscuit,  prior  to 
the  ware  being  mpped  in  the  glaze.  If  the  ware  were  not 
previously  fired,  and  were  capable  of  bebg  handled  about  for 
the  planting,  the  water,  used  to  soften  the  colours,  would 
soften  the  ware ;  and  the  impressions  firom  plates  could  not 
be  deariy,  even  if  at  all,  transferred  to  the  ware ;  water  also 
could  not  be  employed  to  wash  off  the  paper,  and  the  water 
which  contains  the  components  of  the  glaze  would  be  ab- 
sorbed by  the  clay  body,  which  would  by  this  means  be  ren- 
dered so  soft  as  not  to  preserve  its  shape  in  the  oven. 

It  has  been  thought  that  advantage  might  result  from 
being  |d)le  to  mix  some  substance  with  the  clay  of  enamelled 
ware,  which  would  resist  the  action  of  water,  as  a  suitable 
gbze  mifffat  then  be  first  employed,  and  one  firing  answer  for 
both  the  biscuit  and  the  gloss,  which  would  save  one  opera* 
tkiD,  as  weU  as  the  time^  labour,  and  expense  of  fueU 

■  --^  ^  ^ 
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In  blus-pmnting,  the  colour  it  mixed  with  witor  aM  gum, 
and  carefully  laid  on  the  biscuit  wa^e.  As  every  stroke  k^ves 
a  mark  in  the  pores  of  the  vessel,  great  attenUon  mi|ilt  be 
paid  to  the  pattern^  for  a  stroke  onpe  made  cap  nfi^mt 
be  rubbed  out.  After  the  pattern  is  &iiBhed>  the  waxe  i) 
allowed  to  dry  by  the  atmosphere,  and  is  then  dipped  i^  (i^i 
glaze ;  it  is  afterwards  exposed  to  heat  ip  the  g)oss-qffo. 
which  &ise^  the  minerals  .contained  in  Ums  colomv^  and  gim 
to  each  a  coating  of  true  gloss :  about  4000  young  wqoim  in 
empbyed  in  this  branch  of  pottery,  and  by  their  hadui|rj 
support  themselves  in  a  respectafile  ml^lne^• 

JBlue-printing  is  the  impressiona  taken  frovf^  engraved  cof- 
per-plates  by  means  of  a  rolling-press.  The  blue-printer  1^ 
the  plate  upon  a  stove  while  the  oily  colouring  substance  is 
rubbed  in,  and  by  the  heat  Uie  metalune  particles  containeda 
the  oil  flow  and  sink  mcnre  readihr  into  the  mgntved  fiscs. 
The  colour  is  oxide  of  cobaltj^  fluxed  with  dUEurent  sok* 
stances,  and  19  suitf^ble  propprtions,  for  the  pi^^  ^  ^ 
Uues, 

The  superfluous  oobur  is  carefully  cleaned  off  the  hot  pbte, 
which  is  laid  on  the  press,  and  covered  with  a  piece  of  come 
tissue  pi^er,  which  has  been  first  brushed  over  with  a  stioog 
lie  of  soft  soap,  called  sizing.  The  whole  is  now  passed 
through  th^  press,  and  the  heat  of  the  plate  dries  the  pi^) 
renders  it  more  a&esive  of  colour,  and  also  more  easy  to  be 
extracted  from  the  plate.  The  impression  when  taken  off  tk 
plate  is  given  to  a  girl,  called  a  cutter^  who  cuta  it  into 
shapes,  and  hands  the  parts  to  a  woman,  (the  trsmferrtrj)  "Ao 
puts  them  on  the  biscuit,  and  when  she  has  properly  anaiveti 
them  rubs  them  till  the  several  pieces  are  completely  aflBzedta 
the  biscuit  article :  the  article  is  then  left  for  a  short  time  to 
imbibe  the  colouring  matter;  after  which,  the  paper  iivdl 
washed  off  with  clean  water,  and  the  article  is  put  mto  a  Idli 
to  disdpate  the  oil.  Sometimes  the  outline  of  a  pattefs  » 
printed  on  the  ware,  and  the  colours  are  afterwwis  added 
with  a  pencil. 

The  earthenware  is  now  ready  to  receive  the  smooth  coat- 
ing called  glaze  or  gloss.  The  employing  of  this  glaie, 
though  in  general,  is  not  always,  with  a  design  to  preve^  the 
vessel  from  imbibing  the  tiquid  that  may,  at  any  future  doe, 
be  poured  into  it ;  bed^use  some  bodies  of  earthenware  are, 
before  glazed,  impenneable  to  liquids  of  any  kind  $  bat  vitb 
a  design  of  accomplishing  a  more  important  object,  that  of 
hiding  the  substance  of  we  vessel,  which  is  not  always  dtber 
for  fineness  of  texture  o^  whiteness  of  colour,  of  a  very  f^ 
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poiseniiig  i^^icannde.  A  coatiiig  of  mere  ^aae  .ivmild^  by 
Ml  tceDAfes^acjy  only  expose  these  defects ;  eren  if  it  were 
soffioietitly  contractile  and  expansile,  by  sudden  changes  of 
temperatiue,  to  admit  of  its  being  used.  Hence  is  employed 
a  vitiifiable  composition  of  oxides  of  lead,  glass,  tin,  &c.  some-* 
what  resemblii^  common  flint  glass,  readily  made  fusible 
by  a  little  alkali  and  hardened  flmt,  which  will,  when  well 
Bumaged,  possess  sufficient  opacity,  and  by  iq^lying  a  certain 
degree  of  heat,  flow  and  vitrify,  and  render  fusible  any  flint 
or  day  in  contact  with  it,  and  thus  not  only  fill  up  the 
penes  of  the  biscuit  article,  but  cover  the  whole  with  an 
opaque  coating,  that  may  be  rq^arded  as  of  real  flint  glass. 

As  the  glaze  that  suits  one,  composition  of  ware  will  not 
suit  another,  owing  to  the  difference  in  kinds  as  well  as  pro-* 
portions  of  materials,  it  is  ever  requisite  that  the  components 
of  die  glaze  be  carefully  q>propriated  to  the  hardness,  density, 
&c.  of  the  components  of  the  clay ;  because  a  good  glaze 
shouldalwayspossess  the  property  of  remaining,  t^ter  being 
fired,  unaffscted  by  heat  or  cold,  in  exactiy  the  same  ratio  as 
tiie  day,  dse  on  any  sudden  ebange  of  teni^eratnre,  there 
would  be  a  counter  action  between  uie  body  and  the  glaze. 

When  fbe  airtide  is  short-fired,  it  is  always  more  susceptible 
of  the  components  of  the  elassy  surface,  and  becomes  al-^ 
together  ermd,  or  full  of  litUecraGl»,wliidi  render  it  oenue-* 
ame  to  water,  and  receptiye  of  dly  and  greasy,  and  other 
heterogeneous  substances,  and  ere  long  the  artide  will,  by 
constant  usage,  mppear  very  much  like  a  rotten  substance. 

Grasmg  is  the  technical  term  fi>r  the  cracking  of  the  glaze, 
whatcrei  be  the  cause :  whetiier  it  arise  from  excess  of  al- 
kali in  the  nuteriak  composing  the  giaze,  the  deceptive 
unian  of  the  body  and  glaze,  the  unsuit&leness  of  the  body 
to  the  materials  of  the  glaze,  the  components  of  the  glaze  not 
being  equally  fusible  at  the  heat  employed,  or  the  heat  for  the 
fnmer.  fosion  of  the  glaze  being  too  high  for  the  body 

Mr.  Parkes  states,  that  a  litde  lime  mixed  in  the  clay  will 
Mevent  crazing ;  but  manu£acturers  are  of  opinion  that  the 
net  is  the  contrary.  Lime  will  in  a  sUght  degree  add  to  the 
transparency  of  porcelain,  but  ever  render  it  liable  to  craze. 
K  the  artides,  whether  biscuit  or  gloss,  be  taken  out  of  the 
99etk  before  tolerably  cod,  the  temperature  of  the  air  ^l 
most  generally  affect  them,  and  espeoally  the  glaze,  which  is 
not  then  properly  annealed. 

The  glaze  is  a  vitrifiable  composition,  about  the  consist- 
ence of,  and  in  ai^>earance^  very  moch  like  new  cream.    It  ia 
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Cfisential  tLat  it  be  thin^  and  when  fired,  possess  a  degree'of 

rity  to  approach  as  nearly  as  possible  to,  and  yetbebdov 
fusibility  of  the  biscuit,  that  the  combination  maybe 
more  intimate  and  permanent.  Hence  its  composition  Taries 
for  each  body,  consonant  with  the  view  and  experience  of  the 
manufiusturer  |  and  it  is  very  seldom  that  it  can  be  ap|died  to 
another  body  without  previously  altering  its  composition. 

In  some  instances  the  cost  of  glazin^^  b  much  less  than  in 
others ;  though  economy  is  sought  for  in  all,  and  eadi  maim- 
fEurturer  regards  his  own  as  the  best  and  cheapest  of  the  kind 
for  the  purpose  to  which  it  is  employed.  Great  care  is  takes 
that  the  recipes,  which  are  considered  very  valuable,  be  kept 
as  much  as  possible  secret  among  themselves,  to  prevent 
foreign  potters  availing  themselves  of  them,  to  the  injury  of 
our  manufetcture. 

Raw  glazes  are  employed  for  the  common  pottery,  such  as 
toys,  jugs,  tea-warcy  &c.  1*^7  ^^^  generally  composed  of 
white-1^,  Cornish-stone,  and  flint,  ground  by  a  hand-milL 
We  have  seen  a  few  raw  glazes  for  porcelain  of  a  very  ffood 
quality }  but  fritt  glazes  are  mostly  usedj  and  are  ofexoScnt 
quality. 

JPVitt  is  derived  firom  a  certain  combination  of  diflereat 
materials  being  well  mixed  together,  arjritted,  and  then  cal- 
cined ;  which  procures  a  union  of  all  the  parts,  and  a  sdidity 
and  purity  not  otherwise  attainable.  The  fritt  is  generally 
placed  where  it  can  be  affected  by  a  suffident  heat  to  fose  m 
Its  ingredients,  without  volatilizing  the  uncombined  alkaU. 

Lynn  sand  is  occasionally  one  of  the  ingredients  em- 
ployed in  the  fritt.  Some  persons  use  soda,  to  render  the 
fritt  more  fluent  while  being  fired.  In  some  instances,  com- 
mon salt  is  used  along  with  a  portion  of  potash,  which  decom- 
poses it,  and  drives  off  part  of  its  impurity.  The  remaining 
impurities  are  driven  away  in  the  process  of  fritting.  Let  it 
be  remembered,  however,  that  brilliancy  of  glaze  is  formed 
only  by  lead ;  and  that  the  employment  of  salts  ever  produces 
a  poor  appearance. 

The  ciucined  fritt  is  pounded,  picked,  sifted,  and  ground  to 
an  impalpable  powder,  after  which  it  is  mixed  with  certain 
proportions  of  white-lead  and  flint,  and  again  ground  in  a  very 
powerful  mill.  The  finer  it  is  ground,  the  more  serviceable 
it  is  for  the  piirpose ;  the  glaze  is  every  way  better,  is  more 
level  on  the  ware,  more  readily  and  easily  fired,  of  greater 
brilliancy,  and  scarcely  ever  liable  to  craze. 

The  lead  causes  the  other  components  to  vitrify  at  a  certain 
Jtieat  i   and  accordingly  as  more  or  lebs  is  used,  the  gls20 
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becomes  harder  or  softer.  Many  objections  hare  been  made 
to  its  employment :  those  m  reference  to  vessels  for  domes- 
tic purposes  we  have  already  noticed ;  and  in  reference  to  the 
dippers  being  subject  to  paralysis  (which  is  supposed  to 
result  from  the  lead,)  evmr  aid  is  afforded  bv  preventives, 
and  where  attention  is  paid  to  personal  cleanlmess,  and  the 
water  and  towel  placed  for  their  use  are  employed,  deleterious 
effects  can  seldom  be  experienced. 

The  materials  being  well-ground  and  in  a  state  of  fluidity, 
are  next  put  into  the  dippmg  tub.  As  the  materials  are  heavy 
it  is  requisite  to  keep  the  powder  suspended,  and  uniformly 
dispersed  through  the  mass,  which  weighs  about  32  oz.  per 
ale-pint.  By  the  side  of  this  tub  stands  the  diaper,  and  a  boy, 
his  assistant.  The  boy  is  employed  in  brusmng  the  articles, 
and  delivering  them,  one  by  one,  to  the  dipper,  who  dips  them 
quickly  into  Uie  liquid,  and  as  soon  as  ne  takes  them  out, 
turns  Uiem  rapidly  about,  that  the  thickness  of  the  liquid 
may  be  equal  lu  all  the  parts.  The  water  is  imbibed  by  the 
porosity  of  the  biscuit,  and  there  is  left  a  coating  of  the  sub- 
stances, sufficiently  hard  to  continue  affixed  until  the  article 
be  placed  in  the  sagger.  The  article  is  then  placed  on  a 
board,  another  is  similarly  dipped,  and  thus  it  proceeds  until 
the  Quantity  be  finished,  when  the  whole  are  put  into  saggers. 

When  a  flat  piece  has  been  dipped,  it  is  placed  on  a  board, 
in  which  are  a  number  of  nails,  about  an  inch  above  flae  sur- 
foce;  the  superfluous  compound  runs  off,  the  remainder 
quickly  dries,  and  soou  admits  of  being  moved ;  which  effects 
a  saving  in  fuel  an4  materialS|  and  the  artides  are  better 
glazed. 

Hollow  pieces  and  blue-priuted  ware,  are  placed  on  hdr 
sieves,  or  on  four  pieces  of  sheet  iron,  from  two  to  three  feet 
long,  called  a  fiddle  ;  in  three  minutes  the  dipped  articles 
are  sufficiently  dry  to  be  removed  to  the  board,  and  a  few 
minutes  afterwards  to  be  placed  in  the  saggers. 

In  the  inferior  earthenware  certain  metallic  oxides,  as  of 
copper;  &c,  are  mixed  .with  the  glaze.  These  kinds  of  glazes 
are  distinguished  b^  the  name  of  dips.  Whf  n  the  article  has 
been  thus  dipped,  it  is  fini^ed  on  a  turner's  lathe,  to  mark 
what  is  to  be  white,  and  when  the  appendages  are  affixed  it 
ia  dried  in  the  oven. 

The  articles  are  again  put  into  the  saggers  to  fuse  the  glaze, 
and  as  in  this  process  each  would  attach  itself  to  the  other, 
were  they  to  come  in  contact,  pieces  of  clay  of  different  sizes 
and  shapes,  called  stilts,  cockspurs,  rings,  pins,  batB|  &o« 
are  put  to  keep  them  apart. 
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rhe  Biigfi;er8  are,  as  befiure,  piled  in  die  gbst-cvemy  wbidi 
seldom  boms  more  than  one  balf  the  quanli^  of  ware  fired  ia 
the  biscuit-oven.  The  gloss-fireman  noses  the  temperaftnre 
as  quickly  as  possible  to  a  height  sufficient  to  fuse  tfie  ghse, 
which  is  much  lower  than  the  beat  of  the  biseuit-oven  and 
usually  keeps  it  fired  from  16  to  19  hours.  Trials,  made  of 
native  red  clay^  are  found  vei^  essential  in  this  operation,  lo 
prevent  the  ware  being  more  mtensely  heated  than  the  biscmt 
body  will  bear ;  for  as  clav  contracts  by  every  addition  of  Iwat, 
were  the  heat  of  the  gloss-oven  to  exceed  the  heat  usel 
for  tiie  biscuit^  the  articles  would  be  further  contracted  wuL 
*  would  be  either  crooked  in  shape,  or  injured  in  the  glait 
The  coating  of  glaze  whidi  adhered  to  the  biscuit  is,  bj  tU 
firinff,  uniformly  spread  over  the  surface,  the  partidea  ut 
fused  alto^ther,  and  the  ware,  when  cold,  appears  to  be 
covered  with  perfect  gloss. 

As  the  gloss-oven  is  sometimes  fired  to  a  greater  d^ree  of 
heat  than  some  colours  will  bear,  another  process  is  employed^ 
called  enamelling,  because  the  designs  are  more  degant  is 
their  execution  and  form,  and  the  colours  are  bnmt  into  tbe 
glaoeof  the  pottery.  These  de«gns  are  of  the  finest  desa^* 
tion,andare  most  delicately  executed  upon  the  gloBsysiirfKe. 

Tlie  colours  used  are  generally  of  a  mineral  or  metaffie 
nature.  For  blacks,  oxide  of  vmber  and  cobalt,  and  a  littk 
oxide  of  copper.  Tbe  best  oxide  of  iron  is  prodnced  by 
eansingheated  air  to  act  upon  iron. 

For  ptarples  and  tnolets,  precipitate  of  caftdns,  and  ooddeof 
gokL 

For  greens^  oxide  of  copper,  and  precipitate  of  copper. 

And  for  blues,  oxide  oi  cobalt. 

These  oxides  are  all  in  an  impalpable  powder,  and  are  mixed 
with  a  certun  powder  as  a  flux,  and  are  so  prepared  as  never 
to  spread  beyond  their  lines,  or  injure  the  drawing  wluk 
being  fired. 

£ach  cdour  is  ground  with  a  muller  on  a  large  hard  stooCp 
and  is  incorporated  with  acid  of  tar,  oil  of  turpentine,  or 
whatever  oil  mw  be  deemed  suitable,  and  is  evi^rsftive. 
Camel-hair  pencils  are  used  to  lay  the  colours  on  the  potteiy. 

As  both  males  ^nd  females  are  employed  in  this  branch,  the 
men  are  called  painters,  the  women  paintresses :  but  in  Uue- 

{ainting,  where  no  men  are  employed,  the  women  are  called 
lue-painiers^ 

This  is  the  finest  and  most  durable  species  of  piunUng,  and 
it  is  capable  of  being  employed  for  the  most  elegant  and  valu- 
able embellishments,  as  neither  air,  nor  wear,  can  aftct 
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either  the  beauty  of  the  design^  or  the  briUiancy  of  the 
colours. 

Gilding  requires  the  precipitate  of  gold  from  its  solutioa 
to  be  properly  mixed  with  oU  of  turpentine,  and  great  pains 
must  be  taken  in  laving  it  on  the  pieces,  which  is  done  in  a 
manner  similar  to  the  preceding.  When  the  article  is  heated, 
the  oxygen  flies  off  and  leaves  on  the  ware  the  gold  in  a  metals 
lie  state  >  but  the  natural  brilliancy  of  the  g(9d  is  wanting, 
consequently,  a  burnisher  of  agate,  blood<"Stone,  or  steel,  is 
Implied  to  the  gold,  first  moistened  with  flint-*water,  to  pro- 
cure the  bright  and  shining  property  of  the  precious  metal, 
which  is, 'by  that  means,  quickly  brought  in  view.  This,  when 
the  gold  is  not  teo  much  lowered  by  fluxing,  mil  scarcely 
ever  tarnish, 

BlacA-printing  is  a  very  distinct  and  curious  process*  Ihe 
workn  an  boils  a  quantity  of  glue  to  a  certain  consistence, 
and  pours  it  on  very  smooth  dishes,  to  the  thickness  of  an 
^ghih  or  a  quarter  of  an  inch,  according  to  the  size  ot  the 
nlate  he  may  have  to  use.  This,  when  cold,  is  cut  into  sizes 
ror  the  plate,  called  ooptfr^;  and  he  makes  as  many  as  he  caa 
conveniently  use  in  his  routine  of  working. 

Then  taking  a  copper-plate,  properly  engraved,  he  rubs 
into  it  some  well-boiled  oil,  and  havuig  properly  deansed  the 
plate,  forcibly  presses  the  ghie-paper  against  it ;  the  latter 
Deing  firmly  nu^ned  to  a  piece  of  wood  to  be  held  in  one 
IuizmC  and  the  paper  being  hdd  on  a  boss  or  cushion  held  in 
the  other.  The  oil  in  the  pbte  adheres  by  the  pressure  to  Ae 
glue-paper,  and  he  carefuUy,  but  firmly,  presses  it  and  the 
piece  of  ^ttery  together ;  then  separates  them,  and  with  fine 
cotton  slightly  spnnkles  the  colour  (which  is  in  an  impalpaUe 
powder)  upon  the  design  left  by  the  oil.  After  a  certain  time 
the  oil  has  evajporated  sufficiently  to  permit  all  superabundant 
odour  to  be  wiped  off,  which  is  done  with  much  delicacy  and 
attention,  by  using  old  silk  rags,  and  the  black  printed  pot- 
tery is  placed  in  tl^  enamel-kun,  where  the  glaze  and  colour 
fiiee  and  incorporate. 

The  enamel-kiln  is  commonly  made  in  the  diape  of  a 
chenust's  mu^e,  from  about  six  to  ten  feet  long,  and  three  to 
five  feet  wide }  having  from  one  to  four  mouths,  according  to 
the  size  of  the  kiln,  imd  the  purposes  to  which  it  is  appwd  ; 
these  mouths  are  made  for  die  admission  of  fuel.  In  this  kiln 
the  articles  are  very  carefully  placed  in  layers,  or  thin  bats, 
until  the  whole  be  filled ;  the  mouth  is  then  stopped,  and  the 
kiln  fhred  for  about  eight  or  ten  hours. 

The  articles,  wben  punted,  gilded,  or.  blaoJc  printed,  are 
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subjected  to  a  third  firing  in  the  enamel-kihi,  which  fuses  bolh 
the  glaze  and  the  coU>urB^  and  the  mineral  or  metallic  particks 
flow  and  become  incorporated  into  the  glassy  surface. 

Lustre  ware  consists  of  an  inferior  quality  of  the  materials 
worked  into  the  usual  forms,  and  having  the  hue  of  gold, 
platiua,  or  coroer,  &c.  fixed  on  the  glaze,  whose  greit 
brilliance,  when  first  made,  occasioned  it  to  be  thus  named. 

The  very  easy  method  of  performing  the  operatiim,  and  the 
quick  sale  whidi  the  articles  obtain,  has  caused  it  to  become 
so  common,  andof  a  quality  so  inferior,  as  to  be  little  esteemed 


fhe  pottery  to  receive  lustre  is  made  and  glazed  for  the 
purpose.  That  for  gofd  lustre  is  made  of  the  red  clay  of  tbe 
district,  and  when  &red  gloss,  has  just  a  sufSicient  tint  left  to 
give  to  the  articles  that  peculiar  shade  of  colour  observid>le  oo 
viewing  them.  A  very  common  article  of  cream-oolour  ii 
commonly  used  for  the  silver  lustre. 

Tlie  oxide  used  for  lustre,  as  gold,  platinum,  &c.  is  mixed 
with  some  essential  oil  by  the  application  of  heat,  and  the 
fluid  is  brushed  over  the  smrfiice  of  the  articles.  Sometimei 
ornaments  are  formed  on  the  surfiftce.  For  tlus  purpose,  t 
thick  fluid  of  soot  or  lamp«black  is  laid  on  the  artides,  by 
brushes,  according  to  the  patterns,  and  the  articles  are  then 
heated  in  a  very  m>t  iron  oven,  and  afterwards  have  the  lustre 
brushed  over  them.  When  dry,  they  are  placed  in  a  kiln, 
similar  to  that  for  enamd  ware ;  which,  beingcarefully  fired, 
dissipates  the  oxygen,  loosens  the  ornamental  article,  and  le- 
stores  the  metallic  lustre  to  adqpree  almost  equal  to  its  primi- 
tive brilliance ;  but  in  some  cases  it  is  of  a  coppery  and 
steely  brilliance. 

In  Messrs.  Rileys'  shimng  black  biscuit  porcelain,  the  ware 
is  of  a  let  black  jasper,  or  porcelain  body,  having  undergone 
a  hi^h  degree  of  vitrifiqation,  which  elicits  a  lustre,  or  brigbt 
vitnfied  polish  on  the  surfiice,  of  the  appearance  of  blade 
coral,  without  a  glaze,  which  is  of  considmble  importance  in 
point  of  durability,  elegance,  and  usefulness.  'It  is  VFarranted 
never  to  change  iti  elegant  quality  by  time  or  use,  and  wDl 
clean  with  water,  equal  to  a  piece  of  Uie  finest  porcelain.  It 
has  a  decided  advanta^  over  the  dry  bo^,  or  eommm 
Egyptian  blacky  which  is  generally  scoured  and  oiled  to  giFO 
the  surface  a  smooth  appearance,  by  whidi  it  imbibes  dost 
and  becomes  offensive,  and  the  substance  of  which  it  is  com* 
posed  being  of  a  porous  nature,  it  becomes  saturated  widi  tbe 
liquids  poured  into  it,  which  eventually  prove  unwholesome, 
as  w^ll  as  disagreeable  to  the  himds  and  sight;  the  whole (^ 
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these  disadvantages  is  obviated  by  Messrs.  Rileys'  black 
lustre^  which,  being  perfectly  vitrified^  allows  no  liquid  to  be 
imbibed. 

The  direful  effects  of  using  lead  in  the  manufacture  of  pottery 
are  manifiest  by  severe  cholics,  paralysis  of  the  limbs,  and 
often  the  untimely  death  of  the  woriunen ;  and  yet  this  dan- 
S^rouB  mineral  forms  the  glaze  of  the  common  red  pottery^  in 
-vvhich  much  of  the  food  of  the  lower  classes  is  prepared. 
Ijead  is  sUghtly  soluble  in  animal  oil,  more  ccmiously  m  the 
acids  of  our  common  fruits,  and  more  especially  when  their 
action  is  aided  by  the  heat  required  in  cookery.  It  is  not 
improbable  that  many  of  the  visceral  disorders  of  the  poor, 
wno  use  such  pottery,  are  attributable  to  this  little  suspected 
source  3  and  that  it  is  to  procure  the  temporary  removal  of  the 
pain  occasioned  by  the  action  of  the  lead,  that  they  habituate 
themselves  to  the  deleterious  use  of  distilled  spirits. 

It  was  on  this  view  of  the  subject  that  the  Society  for  the 
JEncouragement  of  Arts,  Manu£Eu:tures,  and  Commerce,  were 
induced  to  offer  their  largest  honorary  premium  for  the  dis* 
covery  of  a  glaze  for  such  red  pottery,  composed  of  materials 
not  any  way  prejudicial  to  the  heidth,  and  which  from  its 
crhewness,  ana  fusibility  at  the  comparatively  low  temperature 
xeqmred'by  red  pottery,  might  supersede  the  use  of  lead  in 
that  branch  of  manufacture. 

This  important  object  was  eventually  discovered  by 
J.  Mei^h,  £s^.  of  Shehon,  who  was  well  persuaded  of  the 
possibikty  of  its  accomplishment,  and  who,  without  any 
other  stimulus  than  a  desire  to  benefit  mankind,  first  fiilly 
ascertained  what  particular  objects  were  contemplated  by  the 
Society,  and  then  communicated  his  successful  jnrocess ;  by 
which  any  makers  of  red  pottery,  who  may  choose  to  depart 
from  long-established  usage,  which  is  but  too  often  the 
greatest  obstacle  to  improvement,  may  easily  remove  the 
source  of  the  mischief,  and  conriderably  improve  the  quality 
of  the  ware^  and  effect  a  saving  in  materials  m  fuel. 

After  this  view  of  the  subject,  we  shall  not  be  required  to 
apcd^ize  for  {^ving  the  process  in  Mr.  Meigfa's  own  language. 

'^  The  common  coarse  red  pottery^  being  made  of  brick- 
day,  is  very  porous,  and  is  firod  at  as  low  a  temperature  as 
possible,  to  save  the  expense  of  fud,  and  to  avoid  fusion,  or 
variation  of  shape,  which  would  result  from  highly  firing 
common  clay ;  consequently  there  is  needed  a  glaze  to  fill  up 
the  pores,  that  the  vessel  may  contain  fluids.  This  glaze 
must  be  very  fusible,  and  cheap;  hence,  for  transparent 
vessels^  litha^,  and  for  bladi  opaque,  common  lead  ore,  are 
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u»ed.  A  f^hze  of  lead^  ithethet  altogetfact  oif  in  p«t»  b 
objectionable^  because,  fir^t,  when  quickly  raised  to  the  tem- 
perature of  boiling  water,  it  cracks  from  dmerent  expansibOitjr 
of  the  clay  and  the  glaiie,  so  that  the  liquid  permeates  the 
body  of  the  vessel ;  add  secondly^  the  glass  of  lead^  whether 
alone  or  mixed  with  smaU  proportitas  of  earthy  nuUtter,  is 
very  soluble  in  vine^^  in  the  acid  juices  of  fruits^  and  in 
animal  &t  virhen  boihng^" 

The  ii^uiious  effects  driiung  from  theite  have  been  already 
stated*  Mr.  Meigh  therefbi^  pronoses,  that  a  mixtare  of  m 
marl,  which  can  be  easily  grouna  m  water  to  an  impai^abk 
paste,  and  wUl  remain  suspended  therein  for  a  Umg  tfaae, 
be  employed  to  dip  the  vessel  in^  so  that  its  pores  maf  be 
filled  with  the  fine  pwrticles  of  the  marl,  preparatory  t» 
glazing;  which  is  performed  with  a  mixtufe^  oi  the  oea- 
sistence  qf  cream,  of  equal  parts  of  black  mflngrtn»e»  gias^ 
and  Comitth-stone,  (chiefly  fel^ary)  wdl  ground  ancl  mixed 
together ;  in  a  white  g^e  the  manganese  b  oimtted.  After 
undergoing  tbk  pnicesv,  the  ware  is  weU  dded  and  ired,  m 
uBUaL 

Mr.  Meigh  alfto  pro^sea  a  substittte  fiir  the  materiato  ef 
the  common  red  pottery^  cossistiiig  ci  four  (^arts  cornum 
marl,  one  part  red  marl,  and  one  part  bridi^day.  Tlw  mn 
made  in  this  way  is  of  a  reddish  cveanHbrown^  harder,  man 
Qompact,  and  less  porous^  than  the  red  pottery ;  more  ecoDD- 
micsu  to  the  potter,  and  calculated  to  contribute  in  mo  ineoB-< 
siderable  degree  te  the  heakh  of  the  kwer  daases  who  ise 
the  red  pottery* 

The  aim  of  the  prin<^l  Sfiabtifikctmren  has  beeil  to  oUaiB 
the  composition  ik  a  cky  imd  ^laze  far  pon^ebdn^  irtdcb^ 
when  fired^  shoaklbe  veiy  fine  inils  texture^  eoilmiieiy  wIKe 
in  colour,  possess  considerlJ^le  trsBspartoey^and  at  tm  sans 
time  be  able  to  bear  d^reat  degrees  of  beat  aod  eoU^  TlHt 
the  reader  siay  understand  laore  lidly  the  seveni  pdeaiiarilifli 
which  are  considered  by  mamtfueturers  as  essential  io  perfMt 
porcelain,  we  sludl  slate. 

That  the  first  imd  most  important  quaKty  is  s  sapetwritf 
in  the  whiteness  oi  the  porcelfun  j  tihat  its  appeanmee  be  fiee 
from  any  specks,  and  that  it  be  covered  witk  a  rich  and  rery 
white  glaze  of  almost  vdvet  softness  in  appearanei^y  aad  m 
best  flint-glass  smoothness  to  the  toui^. 

That  ti^  second  important  and  essential  quality  is  disrv* 
biUty,  or  a  substance  whose  components  will  bear,  witlioi^ 
being  injuriously  affected^  a  sudden  and  n^d  incnftse  of 
temperature,  and  particularly  to  sustain  unaltered,  the  jctioa 
of  boiling  water. 
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'  Tkat  the  tliird  eMential  quality  Is  Mmiparmcf^  wiAch  H 
mdndtted  to  b^  in  lome  measure^  requisite,  bat  certainly  not 
entitled  tathat  kigh  degree  of  preference  ao  frequently  given 
to  1^  the  beat  porcebdn  being  a  shadd  lefts  tmnt^Mvent  than 
m  Idnd  moch  inrerior, 

VonneAf,  coanoiaseurs  very  highly  estimated  porcelain 
of  m  fine  giBnular  texture  |  but  this  criterion  of  excellence 
cannot  always  be  relied  on. 

To  ascertain  the  texture  of  an  article^  it  must  be  fractured^ 
and  tlierebj  tacitly  destroyed;  the  send-vil^cation  and 
doseneas  of  texture  d>servable  in  one  piece  will  not  be  so 
ebmue,  but  tfiere  will  be  a  viuriied  appearance  in  different 
pieces,  though  aU  be  fabricated  at  the  same  time,  and  from 
the  same  mass  of  materials. 

Stome^kika  is  formed  of  a  compound  of  Comlsh-sdone  mid 
day,  blue  day,  and  flint  3  and  with  a  f^tae,  consisting  of  lead, 
bullet-glass,  Cornish-stone,  and  flint.  It  is  very  dense  and 
durable,  but  less  tnmsparent  tlian  bone-china ;  and  is  very 
mvcfa  used  for  jugs,  ana  the  larger  sorts  of  vessels. 

Ircn-ttone  china  is  not  very  transparent ;  but  possesses 
great  strength,  compactness,  density,  and  durability.  It  is 
not  much  used  for  tea-ware,  but  has  very  suitable  properties 
for  dinner  and  supper  services,  jugs,  and  ornaments,  it  was 
discovered  by  Messrs.  6.  and  C.  Mason,  and  has  been 
more  productive  than  any  other  species*  of  pottery  or 
porcelain. 

JFelspmr  ekina,  which  has  been  only  very  recently  intro^ 
duced,  is  the  most  noted  of  all  the  porcelains ;  it  results  from 
the  introduction  of  certdn  proportions  of  a  fresh  materia)  into 
both  the  day  and  glaze. 

Cormsh^$Um€  is  a  spedes  of  granite  In  a  state  of  decom- 
poeiAioBi  and  contains  much  felspar.  Ccmish-clay  is  found 
m  situations  where  this  decompositicm  is  in  progress.  The 
decomposing  granite  is  broken  up  with  pickaxes,  and  the 
fragments  are  Uirown  into  running  water,  whose  action  washes 
of^  and  ke^a  in  suspension,  the  sUgfat  ar^llaceous  particles 
Busdhle  widi  that  fluid.  The  water  is  discharged  into  pans 
or  pits,  where  the  particles  subside,  and  the  water  is  evapo- 
rated, formerly  by  the  atmosphere,  but  now  by  heated  flues 
passing  under  the  reservoirs.  When  the  water  is  evaporated, 
the  substance  is  cut  out  in  square  lumps,  and  placed  on  shelves 
to  dry,  idien  it  becomes  extremely  white,  and  in  the  state  of 
an  iaqpalpable  powder.  It  is  then  packed  up  in  casks,  and 
forwarded  to  the  manufacturers. 
Hie  dof  of  the  best  fdspar  porcelain  is  formed  of  certain 


Digitized 


by  Google 


^0  THB  OPBIIATIVB   MBCHANfC  ^ 

proportions  of  china-stofie  and  ftlspar;  tbe'mixiiigof  Che 
proporaons  requires  much  attention^  for  an  excess  of  felspar 
would  cause  the  vessels  to  shrink  in  the  biscuit-oven^  pnor 
to  the  fusion  of  the  clayey  particles^  which  causes  its  trans- 
parency; and  an  excess  of  china-clay  would  increase  tht 
opaqueness.  In  both  cases,  the  glaze  would  expand  and  con- 
tract in  a  ratio  diffl^ingfrom  l£at  of  the  biscuit,  and  cause 
the  pieces  to  be  crazed.  The  fusibility  of  native  fdspar  is 
owing  to  its  containing  about  13  per  cent,  of  potash,  which 
causes  it  to  be  one  of  Uie  best  materials  for  glazmg  porcd^ 
Calcined  bone  is  used,  and  renders  the  day  very  widte  |  but 
it  should  be  employed  with  judgment,  as  its  great  cod- 
tractibility  causes  the  articles  wherein  it  is  used  to  excess^  tv 
crack  on  sudden  changes  of  temperature. 

Beside  the  porcelam  or  china-clay  already  noticed^  tk 
manufactures  use  four  other  kinds ;  the  two  first  from  Devoa- 
shire,  the  two  last  from  Dorsetshire. 

The  black  eJmf  is  remarkable  for  the  hd,  that  the  bitamiiious  matttr 
which  gives  the  colour  whence  it  derives  its  name,  flies  off  by  firing;  oA 
the  blacker  the  clay  when  first  dug,  the  whiter  will  be  tiie  potteir. 

The  oraeking  cUxy  is  used  because  of  its  extremely  b^tiM  whiteoesi 
when  fired ;  but  it  requires  very  exact  proportions  of  flint,  otheiwbe  the 
ware  will  crack  during  the  firing  of  the  biscuit 

The  broum  clay  bums  very  white  without  cradcing,  and  some  fsamaAt' 
turers  use  much  of  it;  but  as  the  ware  does  not  so  readily  imlobe  the 
particles  of  melting  glaze,  the  liability  of  the  ware  to  craze  causes  otheis  to 
reject  it  altogether.  This  clay  is  with  difficulty  sifted  throu^  the  bwa,  re- 
quires much  longer  weatheritig,  or  exposure  to  the  action  of  the  atmosphere, 
mr  the  separation  of  its  particles,  and  to  nrevent  crazing,  difierent  propor- 
tions of  other  materials ;  but  the  greatest  oDjection  to  it  is,  thai  some  of  tl» 
kind  sent  within  these  few  years  has  always  burned  inferior  in  colour  to  whit 
it  formerly  did. 

The  blue  clay  is  the  best,  and  the  most  expensive.  It  forms  a  veiT 
white  and  solid  body,  and  requires  a  much  greater  proportion  of  flint,  wfakn 
considerably  improves  the  ouality  of  the  ware ;  but  the  proportions  ve^aiie 
very  strict  attention,  and  a  higher  degree  of  biscuit-fire. 

The  cream-coloured  pottery  has  its  name  from  the  tmt  of 
its  colour  bein^  that  of  new  cream.  It  is,  when  well  made, 
and  properly  fired,  very  sonorous,  sufSiciently  hard  to  elicit 
sparks  by  the  application  of  steel,  and  will  contain  Hqmds 
without  being  permeated  by  them.  When  it  is  of  good  quality, 
it  will  resist  the  action  of  nitre,  glass  of  lead,  and  other  fiuzes, 
which  renders  it  of  grelit  utility  in  all  domestic  and  ciiemicsl 
processes  where  great  heat  is  used.  Care  must  be  paid  to 
the  current  of  air  while  the  pottery  is  in  contact  with  fire, 
otherwise  its  hardness  and  density,  by  preventing  its  sudden 
contraction  or  expansion,  renders  it  very  liable  to  break* 

Wedgwood's  credm-coloured  potterv  is  allowed  to  xcU&i 
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Hi  JoperioritVy  neither  fiailing  nor  cratiog  through  agtf  t  whiles 
much  of  the  pottery  made  by  persons  of  small  capital  is  very 
fliuiiject  to  both  these  defects* 

Cream  colour  is  formedi  according  to  the  views  of  the 
manuCActarers,  of  various  proportions,  of  blue  and  porcelain 
clays,  flinty  and  Cornish-stone;  others  add  black,  or  brown, 
and  cracking  days,  with  little  flint  and  stone.  Recent  expe- 
fiments  prove  that  pottery  of  very  good  quality  may  be  made 
by  mixing  from  30  to  40  per  cent,  of  the  native  clay  with 
blue  and  porcelain  clays,  and  flint  and  stone. 

Tfae^iaze  for  cream^colom^d  pottery  is  formed  of  white 
lead,  ComishrStone,  and  flint.  The  excess  of  lead  renders 
the  glaze  more  or  less  yellow,  which  is  remedied  by  the 
application  of  other  materials ;  the  flint  gives  consistence  to 
the  lead  during  vitrification,  and  prevents  its  great  fluidity, 
-which  else  would  cause  it  to  run  down  the  sides  of  the  ware^ 
and  leave  certiun  parts  without  glaze. 

The  deleterious  e£Fects  arising  from  the  ^employ  of  white 
lead  in  the  fisd)rication  of  vessels  used  for  condiments  have 
been  pointed  out,  as  has  also  the  importance  of  a  substitute  ; 
bat  as  the  best  manufacturers  use  much  Cornish-stone  and 
flint  in  their  glaze,  and  more  especially  for  those  vessels  called 
bakers,  the  cause  of  complaint  does  not  attach  itself  to  their 
pottery.  All  persons,  therefore,  who  wish  their  pickles  and 
preserves  to  be  unaffected  by  tlds  poisonous  mineral,  should 
resolve  on  purchasing  their  jars  from  the  dealers  who  have 
tbeir  goods  from  the  most  respectable  manufacturers,  who 
will  readily  vouch  for  the  excellence  of  their  articles. 

It  is  not  sufficiently  known,  that  most  of  the  earthenware 
sold  by  hawkers,  or  pedL.s,  is  of  a  very  inferior  and  dangerous 
quality.  The  components  of  the  clay  of  which  this  common 
earthenware  is  maae,  will  not  bear  a  fair  degree  of  heat,  and 
in  addition  to  the  ware  being  short-fired  in  the  .biscuit,  the 
glaze  is  too  soft  and  short*fired;  hence,  when  such  earthenware 
has  been  used  a  few  times,  the  hot  water  requisite  for  cleans- 
ing it  will  cause  all  its  defects  to  be  obvious,  and  ere  long  it 
b^omes  so  crazed  as  to  resemble  a  rotten  substance. 

Tlus  soft  and  soft-glazed  pottery  is  easily  scratched  by  a 
knife ;  oily  matters  standing  on  it  will  stain  and  render  it 
duh  ;  and  vinegar,  and  other  weak  acids,  will  attack  and  dis  • 
solve  the  lead. 

The  proper  cream  colour  will  bear  all  of  these  uninjured 
and  so  small  a  quantity  of  lead  is  used,  that,  when  properly 
glazed,  pernicious  effects  need  not  be  apprehended. 
V  It  is  the  opinion  of  somje  very  intelligent  potters,  that  the 
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lotal  rej^ctioa  of  lead  is  not  compatible  with  pcrfecti0aiii 
jiottery. 

The  blue-printed  pottery  is  a  very  popular  kind,  and  moat 
persons  who  have  s^en  it  placed  near  the  precedmg,  must 
have  remarked  that  it  is  of  a  finer  kind^  with  a  very  diffeient 
tint  or  colour. 

The  best  species  is  in  considerable  demand  for  £nner, 
dessert,  tea,  and  supper  services ;  while  its  cheapness  has 
caused  it  to  supersede  almost  every  kind  of  ware. 

The  difference  is  caused  by  two  jpeculiarities ;  one  in  tk 
clay,  arising  from  the  employment  of  a  greats  proportion  of 
blue  and  porcelain  days  and  flints  ;  the  other  m  the  gbze^ 
from  certain  components  being  mixed  together,  and  caldne^ 
into  a  frit,  which  is  often  picked  and  sifted,  then  grounl 
together  with  glass  and  white  lead,  and  mixed  with  certaii 
proportions  of  Cornish-'Stone  and  fliiit. 

One  kind  of  this  pottery  has  its  glaze  varied  to  capaciUte 
it  for  enamelling.  The  bme  printed  tea- ware  has  recently 
obtained  the  name  of  s^mt-cAuta,  owing  to  its  being,  when  wd 
fired,  very  fine,  white  and  neat,  and  possessing  some  d^ite 
of  transparency. 

The  thalky  pottery  is  a  very  excdlent  and  beautiful  kind, 
having  a  delicate  white  appearance,  of  fine  texture,  and  riasiy 
smoothness.  The  nature  of  the  cbiy  aqd  the  glaze  renders  k 
very  proper  for  enamelling,  as  smalts  are  introduced,  in  le- 
cordance  with  the  views  of  the  maker,  to  effect  the  tints. 

Hie  clay  is  boUed  on  a  plaster-kiln,  and  consists  of  cerim 
proportions  of  porceMn,  blue  and  Welsh  clays,  pulverised, 
calcined,  or  raw  flints,  Cornish-stone,  white  enamel«  tinged 
witJi  smalts  ;  and  some  persons  add  calcined  bone  and  platler 
of  Paris.   This  ware  requires  a  most  ardent  fire  for  the  biscuit. 

The  glaze  is  composed  of  a  frit  of  glass,  ComL^-stone, 
flint,  borax,  nitre,  red-lead,  potash,  Lynn  sand,  soda,  and 
cobalt  calx.  After  fintting,  and  being  well  fired,  it  is  groufld 
and  mixed  together  with  white-lead,  glass,  flint,  and  €k>miah- 
stone. 

The^fine  red  pottery  is  formed  of  almost  equal  proportions 
of  yellow  brick-clay  and  the  red  firom  Bradwall-wood ;  to 
inferior  sort  is  made  for  lustre- ware. 

In  the  Hall-field  colliery,  east  side  of  Henley,  is  found  i 
marl,  which,  when  properly  prepared,  by  levigating  and  dryiogi 
will  alone  form  a  very  beautiiul  light  red,  of  four  distinct 
shades,  according  to  the  intensity  of  the  firing.  This  im 
discovered  by  Mr.  G.  Jones,  in  I8I4,  who  commenced  a  masfs- 
fiicture  of  this  kind  of  ornamental  potteiy  for  Messrs.  Burnett, 
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to  Im  sUpped  to  Holland  i  but  the  radden  return  of  NafMrieM 
from  Elba  so  disconcerted  the  arrangements^  that  the  elder 
Bff  r.  Burnett  died  suddenly^  and  Jones  did  not  long  survive 
the  disappointment  he  experienced^ 

The  introduction  of  ochre  will  change  the  red  to  a  browa 
colour.    . 

The  bambooy  or  cane-coloured  pottery ^  is  a  very  beautifid 
kmdy  employed*  chiefly  for  ornamental  articles^  and  the  larger 
vessels  of  tea-services.  It  is  never  glazed  outside,  though 
one  kind  has  the  outside  vitrified.  The  insides  of  tea-ware 
are  well  washed  with  a  liquid  which  forms,  when  fired,  a  tUn 
coating  of  glass.  The  colour  varies  from  that  of  a  light 
l>amboo  to  aknost  a  buff:  but  the  prevalent  colour  is  nankeen. 
The  best  clay  or  body  is  formed  of  proportions  of  black  marl, 
brown  clay,  Cornish-stone,  and  shavings  of  cream-coloured 
pottery. 

The  jasper  pottery  was  invented  by  Mr.  J.  Wedgwood.  It 
is  extremely  beautiful ;  and  is  formed  of  blue  and  porcelain 
clay^  Cornish-stone,  Cork-stone,  (sulphate  of  barytes,)  flint, 
and  a  little  CTpsum,  tinged  with  cobalt  calx. 
•  The  pearTpottery  is  a  superb  land  for  elegant  and  tasteful 
ornaments,  and  is  so  much  valued,  that  thewoikmen  art 
usually  locked  up,  and  employed  onlv  on  choice  articles.  Tht 
components  of  tne  clay  are  blue  andporcelain  clay,  Cornish*' 
stone,  a  little  glass,  and  red-lead.  Tnis  forms  the  best  body 
for  i^thecaries'  mortars ;  but  it  is  more  expensive,  and  more 
durable,  than  the  common  mortar  body. 

The  black  Egyptian  pottery  \»  now  so  very  popular  for 
tea-services,  that  few  persons  are  ignorant  of  what  is  meant 
by  thb  denomination.  Its  components  are  cream-coloured  slip, 
manganese,  and  ochre ;  sometimes  glazed  with  lead,  Cornish- 
stone,  and  flint ;  and  the  inside  is  washied  with  white-lead, 
flint,  and  manganese.  It  was  the  custom  formeriy  to  grease 
the  outside  with  butter  or  suet,  to  give  it  a  bright  appearance. 
The  ochreous  material  is  obtained  from  the  water  that  is 
pumped  out  of  the  collieries.  This  water  is  carried  along 
channels  in  which  are  placed  small  weirs,  to  afford  an  oppor- 
tunity for  the  precipitation  of  the  sediment.  When  a  sufficient 
quantity  has  accumulated,  the  water  is  diverted,  the  weirs 
are  emptied,  and  the  thick  fluid  is  thrown  into  small  pools, 
called  sun-pans,  whence  the  moisture  is  evaporated  by  the 
solar  heat.  This  substance  is  afterwards  burned  with  small- 
coal,  which  renders  it  proper  for  use.  > 
Tbe  unpleasantneito  of  the  grease,  requisite  to  give  bright* 
nesa  to  the  black,  having  been  a  subject  of  generalcompluinty 
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MeMTS.  Mey^  of  Bursleni)  were  iiiduced  to  attempt  to  remedy 
it ;  the  result  of  which  was,  the  iaventioii  of  a  new  bla» 
porcelain,  with  a  bright  burnished,  vitrescent  appearance^ 
Superior  to  any  other  kind  of  dry-body  pottery.  It  nerer 
imbibes  dust,  or  absorbs  moisture ;  and  it  can  be  cleaned  with 
water  equally  as  well  as  the  finest  porcelain,  and  always  retain^ 
the  appearance  of  a  beautifol  black  coraL 
"  The  drab  pottery  is  useful  for  articles  which  reqmre  streiMtdi 
to  be  united  to  ornament,  as  flower-pots,  water-juga,  &c 
It  is  formed  of  blue,  porcelun,  and  6radwall-wood  c^ja* 
CJomish-stone,  and  black  marl,  mixed  with  nickd ;  one  ksid 
is  made  of  turners'  shayiugs  of  cream-coloured  ware  made 
into  slip,  and  mixed  with  nickeh  The  inside  is  rendered 
white  by  a  wash  of  slip,  flint,  and  porcelain  day. 

It  has  for  some  time  been  usual  for  ladies  of  taste  and 
acquirements  in  the  fine  arts,  to  purchase  porcelain  in  its 
glazed  state,  for  the  exerdse  of  their  talents  and  ingenuitf 
in  ornamenting  their  own  tea-services.  This  very  pleasing 
amusement  is  often  aided  by  manufacturers,  who  readily 
afford  every  assistance  in  -the'ur  power  to  facilitate  the  easj 
'enamelling  of  such  services;  they  supply  proper  minefsl 
dolours,  and  the  rectified  oil  of  amber,  for  the  best  purposesi 
and  the  best  oil  of  turpentine  for  others  ;  and  they  attend  to 
the  proper  firing  Of  the  enamel,  burnish  the  gold,  and  drtfi 
tyff  the  whole  for  the  table. 

I  The  different  combinations  of  materials  i^pear  to  be  of 
less  importance  in  the  fabrication  of  good  pottery,  than  doe 
regard  to  well-determined  proportions.  All  clays  have  s<Hne 
)nt>portions,  more  or  less,  of  metallic  matter*  which  czas» 
gttsX  difference  in  their  appearance,  and  the  effects  produced 
on  them  by  fire.  All  clays  vary  in  colouring  according 
to  the  ardency  of  the  fire ;  hence  the  oven-roau's  greatest  care 
is,  to  place  the  saggars  in  the  most  appropriate  parts. 
.  The  chief  ingredients  are  clay  and  flint ;  for  no  pottery 
will  be  perfect  unless  made  of  suitable  clay,  with  a  definite 
proportion  of  flint.  The  great  difficulty  is  to  unite  beauty 
nnd  goodness  in  the  same  composition.  If  too  much  flint  bf 
used,  the  pottery,  after  being  fired,  will  crack  on  exposure  to 
•the  air ;  and  if  too  little,  the  glaze  will  not  be  retained  on  it 
after  firing.  £very  kind  of  clay  that  is  dried  alone  will  crack; 
for  if  pure  argillaceous  earth  be  made  sufficiently  soft  to  be 
HTought  on  the  potter's  wheel,  it  will,  while  drying,  shriiik 
one  inch  in  twelve,  which  will  inevitably  cause  it  to  craze. 

Pure  clay  (alumina)  is  alwajrs  opaque,,  and  the  flint  (siiica) 
.always  transparent;   but  both  are  prepared  preriously  to 
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htiog  used.  Alumina  will  unite  with  silica  in  the  humid 
way,  and  foim  a  paste^  which,  when  dry^  will  resist  decom- 
position by  atmospheric  affection. 

Bbcperienced  manufacturers  know  that  they  can  easily 
compound  clays  which  will  fiire  very  white,  be  beautifully 
seim-transparent  for  porcelain,  and  l>ear  to  be  covered  with  a 
shining  glaze ;  but  they  will  prove  deficient  in  tenacity  for* 
working,  want  proper  compactness  and  denmty,  break  by- 
sudden  applications  of  heat  and  cold,  and  the  glaxe,  because 
too  soft,  will  crack,  become  rough,  and  lose  its  lustre. .  Again,^ 
they  compound  days  which  have  suitable  tenacity  for  working, 
become  very  hard  and  dense  without  "fusing  by  being  fired, 
sustain,  uninjured,  sudden  changes  of  excess  of  temperature, 
and  are  vet  deficient  in  the  requisite  whiteness,  fineness  of 
texture,  beauty,  and  transparency.  Some  clays  of  this  descrip- 
tion are  manu&ctured. 

Havini^  proceeded  thus  far,  the  reader  may  fed  surprised 
that  we  nave  not  accompanied  our  observations  with. recipes 
for  the  manufacture  of  the  several  kinds  of  pottery,  as  is  cus- 
tomary in  works  of  this  description ;  but  these,  we  can  assure 
him,  are,  as  £ar  as  we  have  seen,  erroneous ;  and,  indeed,  the 
manufacturers  are  so  very  silent  upon  this  head,  that  the~ 
exact  proportions  of  the  components  of  'bodies,  glazes,  and 
colours,  cannot  easily  be  obtained.  We  shall  therefore  con- 
clude this  article  by  stating,  that  the  district  called  ^^  the 
Potteries,'^  is  an  extensive  tract  of  country  in  the  hundred 
of  North  Pyrehill  and  county  of  Stafford,  comprehending  an 
area  of  about  eight  miles  long,  and  six  broad;  and  that  the 
prindpal  towns  and  hamlets  contained  within  the  limits  of 
the  Pottery  are  Stoke,  Henley,  Shelton,  Golden-hill,  New- 
fidd.  Smith-field,  TunstaU,  llong-port,  Burslem,  Cobridge, 
Etruriay  Lune-E&d^  Lower  Lune,  and  Lune-Ddft. 
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HOROLOGY 

In  the  early  ^es^  time  was  measured  either  by  the  sun* 
dial  or  clep^dra ;  in  the  fo^er,  by  the  shadow  of  a  wire,  or 
'  of  the  upper  edg^  ei  it  plane,  erected  perpendicularly  on  the 
dial,  fallidg  upon  ceitam  lines  meant  to  indicate  the  hour;  in 
the  latter,  by  the  e$cape  of  water  from  a  vessel  through  a 
flpiaU  orifice,  which  vessel  had  certain  marks  upon  it  to 
show  the  time  the  vessel  was  disch^ing, 

.  Tliese  modes  are  povfr  superseded  by  the  use  of  docks, 
witches,  and  d^onometers,  which  iAdieate  t^me  by  the  moT^ 
ment  of  iuacjuaery. 

'  Under  this  general  hfsad  of  Horolojnr,  therefore,  we  propose 
to  treat  of  the  structure  of  the  several  kinds  of  machines  dot 
used  for  the  exact  measurement  of  time ;  in  doing  which,  the 
article  will  of  necessity  be  divided  into  three  sub-heads, 
Glocka,  Watches,  smdCJ^rpnometers^  and  to  them  will  be 
amiexcd  two  others^  tueadng  of  som^  of  the  best  kinds  d 
pendulums  and  espap^^mei^ts* 

CLOCKS. 

-  Clocks  are  certain  mAchipes,  constructed  in  such  a  manner, 
and  ^o  regulated  by  t1|e  uniform  action  of  a  pendulum,  as  to 
measure  tim^  in  \^i^s  or  sm^ler  portions,  with  great  exact- 
nesii 

Fig.  489  represeaU  the  profile  of  a  plodL.  P  19  a  weight  suepeoded  by  1 
rope  tluit  windi  about  ih^  cylinder  or  barrel  C,  w^ich  is  fixed  upon  the  axis 
a^f  file  pivots  bb%o  inlp  boles  made, in  the  pljites  TS,  T S,  in  lyhich ibey 
turn  frecW.  These  plates  are  made  of  brass  or  irop,  9.pd  are  connected  tf 
ineans  offouf  pillars  Z  Z,  t^nd  the  whole  together  is  c%iled  th«  frame. 

The  weight  P,  if  net  restrained^  vrotlA  aMettan(y  tiitn  t^  ^tr^  C  with 
tn  uniformly  acceleiated  motion,  in  the  same  manner  as  if  the  weight  wers 
falling  freely  from  a  height;  but  the  barrel  is  furnished  with  a  ratcbet-wbet^ 
K  K,  the  right  sides  of  whose  teeth  strike  against  the  click,  which  is  W 
with  a  screw  to  the  wheel  D  D,  as  represented  in  fig.  490,  so  that  the  acti* 
of  the  weight  is  commimicated  to  the  wheel  D  D,  the  teeth  of  which  act 
upon  the  teeth  of  the  small  wheel  d,  which  turns  upon  the  pirots  c  c.  'P* 
communication  or  action  of  one  wheel  with  another  is  called  the  futeHag; 
a  small  wheel  like  d  is  called  a  pinion,  and  its  teeth  the  kavet  of  the  pioioQ. 
Several  things  are  requisite  to  form  a  good  pitching,  the  advantages  of  wfaid 
are  obvious  in 'all  machinery  where  teeth  and  pinions  are  employed.  T^ 
teeth  and  pinions-leaves  should  be  of  a  proper  shape,  and  perfectly  eqnal 
among  themselves ;  the  size  also  of  the  pinion  shoula  be  of  a  just  proportioo 
to  the  wheel  acting  upon  it ;  and  its  place  must  be  at  a  certain  distuice 
from  the  wheel,  beyond  or  within  which  it  will  make  a  bad  pitching. 

The  wheel  E  E  is  fixed  upon  the  axis  of  the  pinion  d;  and  the  nwtiot 
communicated  to  the  wheel  D  D  by  tlie  iveij^t  is  transmitted  to  the  pinio* 
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^  oonteqiiently  to  the  inrfaeel  £  £,  as  likewise  to  the  pinioD  e,  and  wheel 

F  F,  irhich  moves  the  pinion/,  upon  the  axis  of  which  the  ctown  or  balance 

wheel  GH  is  fixed.    The  pivots  of  the  pinion /play  in  holes  of  the  platei 

LM,  'whidi  are  fixed  honzontally  to  the  plates  TS.    In  shorty  the  motion 

benn  by  the  weight  is  transmitted  from  the  wheel  G  H  to  the  pallets  I K, 

and  bj  means  of  me  iork  U  X,  rivetted  on  the  pallets,  communicates  motion 

to  the  pendulum  A  B,  which  is  suspended  i:^>on  the  hook  A.  The  pendulum 

A  B  describes,  roiuid  the  point  A,  an  arc  of  k  citcle,  alternately  going  and 

retummg ;  if,  therefore,  tM  pendulum  1>e  oMc^  put  in  motion  by  a  push  of 

the  hand,  the  weight  at  B  will  make  it  retiun  ttpon  itself,  and  it  Will  c«ntinu« 

to  go  alternately  backward  and  forward  till  the  resist^ince  of  the  air  upon 

the  pendulum,  and  the  friction  at  the  point  of  suspension  at  A,  destroys  the 

originally  impressed  force.    But  as,  at  evefy  vibiration  of  the  pendulum,  th^ 

teeth  of  the  balance-wheel  O  H  net  so  upon  the  pallets  I K,  (the  pivots  upon 

the  axis  of  these  pallets  play  in  two  holes  of  the  potence  « /,)  that  alter  one 

tooth,  Hy  has  communicated  motion  to  the  pallet  K,  that  tooth  escapes, 

then  the  opposite  tooth,  O,  acts  upon  the  pallet  I,  and  escapes  in  the  same 

manner;  and  thus  each  tooth  ot  the  wheel  escapes  the  pallets  I  K,  af^er 

having  communicated  their  motion  to  the  pallets  in  such  a  manner  that  the 

pendulum,  instead  of  being  stopped,  continues  to  move. 

The  wheel  E  E  revolves  in  an  hoar.  The  pivot  c  of  the  wheel  passes 
throu^  the  plates,  and  is  continued  to  r;  upon  the  pivot  is  a  wheel  N  N) 
with  a  long  socket  £utened  in  the  centre ;  upon  the  extremity  of  this  socket, 
r,  the  minute-hand  is  fixed.  The  wheel  N  N  acts  upon  the  wheel  O,  the 
pitiion,  p,  of  which  acts  upon  the  wheel  g  g,  fixed  upon  a  socket  which 
turns  along  with  the  wheel  R.  The  wheel  gg  makes  its  revolutions  in 
kwehre  hours,  upon  the  socket  of  which  the  hour-hand  is  fixed. 

From  the  foregoing  description  it  is  evident,  first,  that  the 
weig'fat  P  turns  all  the  wheels,  and  at  the  same  time  continues 
the  motion  of  the  pendulum  ;  secondly,  that  the  quickness  of 
the  motion  of  the  wheels  is  determined  by  that  of  the  pen* 
dulum ;  and  tiiirdly,  that  the  wheels  point  out  the  parts  of  time 
divided  by  the  uniform  motion  of  the  pendulum. 

When  the  cord  firom  which  the  weight  is  suspended  is 
entirely  run  down  from  off  the  barrel,  it  is  wound  up  again  by 
means  of  a  key,  which  goes  on  the  square  end  ot  the  arbor 
at  Q,  by  turning  it  in  a  contrary  direction  from  that  in  which 
the  weight  descends.  For  this  purpose,  the  inclined  side  of  the 
teeth  of  the  wheel  R,  fig.  490,  removes  the  click  C,  so  that 
the  ratchet-wheel,  K,  turns  wUle  the  wheel  D  is  at  rest ;  bitt 
as  soon  as  the  cord  is  wound  up,  the  click  falls  in  between 
the  teeth  of  the  wheel  D,  and  the  right  side  of  the  teeth 
again  act  upon  the  end  of  the  click,  which  obliges  the  wheel 
B  to  turn  along  with  the  barrel,  and  the  spring  A  keeps  the 
click  between  we  teeth  of  the  ratchet-wheel  R. 

We  shall  now  explain  how  time  is  measured  by  the  pen- 
dulum ;  and  how  the  wheel  £,  upon  the  axis  of  which  the 
minute-band  is  fixed,  makes  but  one  precise  revolution  in  an 
hour.  The  vibrations  of  a  pendidum  are  performed  in  a 
SQoiter  or  longer  time  in  proportion  to  the  length  of  the  pen* 


Digitized 


by  Google 


488  TUB  OPBRATIVM   MECHANIC 

dulum  itself.  A  pendulum  of  3  feet  8|  French  lines  iu  kngft 
xnakes  3^600  vibrations  in  an  hour,  that  is,  each  vibration  b 
performed  in  a  second  of  time,  and  for  that  reason  it  is  called 
B  seconds  pendulum  ;  but  a  pendulum  of  9  inches  2^  French 
lines  makes  7^200  vibrations  in  an  hour,  or  two  vibrations  m 
it  second  of  time,  and  is  called  a  half-second  pendukm. 
Hence,  in  constructing  a  wheel  whose  revolutiou  must  be 
|>erformed  in  a  given  time,  the  time  of  the  vibratioss  d 
the  pendulum,  which  regulates  its  motion,  most  be  coui- 
dered.  Supposing,  then,  that  the  pendulum  A  B  mdn 
'  79^00  vibrations  in  au  hour,  let  us  consider  how  the  wheel  £ 
shall  take  up  an  hour  in  making  one  revolution.  This  entire^ 
depends  on  the  number  of  teeth  in  the  wheels  and  piniooL 
If  the  balance-wheel  consists  of  30  teeth,  it  will  tarn  once  ii 
the  time  that  the  pendulum  makes  60  vibrations ;  for  at  even 
turn  of  the  wheel,  the  same  tootli  acts  once  on  the  pallet  J, 
and  once  on  the  pallet  K,  which  occasions  ti^o  separate 
vibrations  in  the  pendulum  ;  and  the  wheel  having  30  teeth, 
it  occasions  twice  30  or  60  vibrations.  Consequently,  this 
wheel  must  perform  120  revolutions  in  an  hour,  because  60 
vibrations,  which  it  occasions  at  every  revohition,  are  cob- 
tained  120  times  in  7^200,  the  number  of  vibrations  perfcffmed 
by  the  pendulum  in  an  hour. 

In  order  to  determine  the  number  of  teeth  for  the  wheels  £  F,  aW 
the  pinions  ef^  it  mnst  be  remarked,  that  one  revolution  of  the  wltfelE 
must  turn  the  pinion  e  as  many  times  as  the  number  of  teeth  in  the  pinioBS 
is  contained  in  the  number  of  teeth  in  the  wheel.  Thus,  if  the  whed  £ 
contains  72  teeth,  and  the  pinion  e  six,  the  pinion  will  make  1^  revoliitioM 
in  the  time  that  the  wheel  makes  one ;  for  eadi  tooth  of  the  wheel  dnw 
forward  a  tooth  of  the  pinion,  and  when  the  six  teeth  of  the  pinioa  are 
moved,  a  complete  revolution  is  performed;  but  the  wh«el  E  has  by  that 
time  only  advanced  six  teeth,  and  nas  still  66  to  advance  before  its  retola- 
tion  be  completed,  which  win  occasion  It  more  revolutioDl  of  the  pinies. 
For  the  same  reason,  the  wheel  F  having  60  teeth,  and  the  pinion/  so,  tk 
pinion  will  make  10  revolutions  while  the  wheel  performs  one.  Now  the 
wheel  F,  being  turned  by  the  pinion  e,  makes  12  revolutions  for  one  of  tbe 
wheel  £;  and  the  pinion  /  makes  10  revolutions  for  one  of  the  wbed  F; 
conse€|uently  the  pmion/  performs  10  times  12,  or  120  revolutions  in  the 
time  the  wheel  E  performs  one.  But  the  wheel  G,  which  is  turned  by  the 
pinion/,  occasions  60  vibrations  in  the  pendulum  each  time  it  turns  rom; 
consequently,  the  wheel  G  occasions  60  tiroes  120,  or  7,200  vibrations  d 
-the  pendulum,  while  the  wheel  performs  one  revolution ;  but  7,200  is  the 
numoer  of  vibrations  made  by  the  pendulum  in  an  hour,  and  conseqoeiuljr 
the  wheel  E  performs  but  one  revolution  in  an  hour ;  and  so  of  the  rest 

From  this  reasoning,  it  is  easy  to  discover  how  long  a  dock 
may  be  made  to  go  for  any  length  of  time  without  windiog 
np:  1.  by  increasing  the  number  of  teeth  in  the  whcds; 
2.  by  diminishing  the  number  of  teeth  in  the  pinions  ;-3.  bf 
increasing  the  length  of  cord  that' suspends  the  weight i 
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A.  by  increaidiig  the  length  of  the  pendulum;  and  5.  hy 
^ding  to  the  number  of  the  wheels  and  pinions.  But,  in 
propordon  as  the  time  is  augmented,  if  the  weight  continues 
the  same,  .the  force  wiiich  it  communicates  to  the  last  wheel, 
G  H,  will  be  diminished. 

It  only  now  remains  for  us  to  take  notice  of  the  number  of 
teeth  in  the  wheels  which  turn  the  hour  and  minute  hands. 
The  wheel  £  performs  one  revolution  in  an  hour ;  the  wheel 
N  N,  which  is  turned  by  the  axis  of  the  wheel  £,  must  like* 
wise  make  only  one  revolution  in  the  same  time ;  and  the 
minute-hand  is  fixed  to  the  socket  of  this  wheel.  The  wheel 
N  has  30  teeth,  and  acts  upon  the  wheel  O,  which  has  like- 
wise 30  teeth,  and  the  same  diameter;  consequently  the 
wheel  O  takes  one  hour  to  a  revolution.  Now  the  wheel  O 
carries  the  pinion  p.  which  has  six  teeth,  and  which  acts  upon 
the  wheel  gg,  of  72  teeth ;  consequently  the  pinion  p  makes 
12  revolutions  whQe  the  wheel  gg  makes  one,  and  of  course 
the  wheel  gg  takes  12  hours  to  one  revolution ;  and  upon 
the  socket  of  this  wheel  the  hour-hand  is  fixed.  All  that  nas 
heeu  here  stated  concerning  revolutions  is  equally  applicable 
to  watches  as  to  clocks. 

Clock-work,  properly  so  called,  is  that  part  of  the  move- 
ment which  strUces  the  hours,  &c.  on  a  bell ;  in  contradis- 
tinction to  that  part  of  the  movement  of  a  clock  or  watch 
which  is  designed  to  measure  and  exhibit  the  time  on  a  dial- 
plate,  and  which  is  termed  watch-work. 

Fig.  491  represents  the  clock  part.  II  is  the  first  or  great  wheel,  moveS 
by  meails  of  the  weight  or  spring  at  the  barrel  G.  In  16  or  34  hour  clocks, 
this  wheel  has  usually  pins,  and  is  called  the  pm-wkeel;  and  in  eight-dav 
pieces,  the  second  wheel,  I,  is  commonly  the  pin-wheel,  or  striking-wheel, 
aod  is  moved  by  the  former.  Next  the  striking-wheel  is  tlie  detent-wheel, 
or  hoop-wheel,  K,  having  a  hoop  almost  round  it,  wherein  is  a  vacancy  at 
)vbich  the  clock  locks.  The  next  is  the  third  or  fourth  wheel,  according  to 
it9  distance  from  the  first,  called  the  wammg'Wheeij  L.  The  last  is  the 
flybg-pinion,  Q,  with  a  fly  or  fan,  to  gather  air,  and  so  bridle  the  rapidi^ 
of  the  clock's  motion.  To  these  roust  be  added  the  pinion  of  report,  whid 
drives  round  the  locking-wheel,  called  also  the  eount-wkeel,  which  has,  in 
general,  eleven  notches,  placed  at  unequal  distances,  to  make  the  cloclc 
strike  the  hours. 

Besides  the  wheels,  to  the  clock  part  belongs  the  rash  or  ratch,  which  is  a 
kind  of  wheel  with  twelve  large  &ngs,  running  concentrical  to  the  dial-whed, 
and  serving  to  lift  up  the  detents  every  hour,  and  make  the  clock  strike  ; 
the  detents,  or  stops,  which  being  lifted  up  and  let  fall,  lock  and  unlock  the 
dock  in  stnking ;  the  hammer,  as  S,  which  strikes  the  bell  R ;  the  kamroep- 
tails,  as  T,  by  which  the  striking-pins  draw  back  the  hammers ;  latches, 
^hereby  the  work  is  lifted  up  and  unlocked ;  and  lifting-pieces,  as  P,  whidk 
lift  up  and  unlock  the  detents. 

We  shell  now  proceed  to  give  a  description  of  an  ingeniont 
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cIodr/contiiTed  bjr  the  late  Dr.  Frftiddin,  of  PbiM^Ul, 
that  showed  the  hours,  minutes,  and  seconds,  wkfaatilytiiiee 
wheels  and  two  pinions  in  the  whole  tnoyement. 

The  dwWpkte  of  liiii  dock  is  rapfesentad  by  6g.  492.  The  how 
tre  engnived  in  spiral  places,  along  two  diameters  of  a  -aide,  OQiitai&tB| 
lour  times  60  miniites*  The  index  A  goes  lound  in  four  houiSy  and  coooti 
the  minutes  from  any  hour  it  has  passed  by  to  the  next  following  bono. 
The  time  as  appears  in  the  figure  is  either  32§  minutes  past  It,  or  pi^4, 
or  past  B ;  and  so  on  tn  each  quarter  of  the  circle,  pointing  to  the  numbs  if 
minutes  after  the  hoars  the  index  last  left  in  its  motioa.  Now,  as  m 
can  hardly  be  four  honrs  nistakea  in  estimating  the  timey  he  can  shnfi 
tell  the  true  hour  and  minute  by  looking  at  the  clock,  from  the  time  k 
rises  till  the  time  he  goes  to  bed.  The  small  hand  B,  in  the  arch  at  top,  gos 
round  once  in  a  minute,  and  shows  the  seconds  as  in  a  common  docL 

Fiff.  493  shows  ^le  wheeUwork  of  the  dodc.  A  is  the  first  or  giA 
^ee! ;  it  contains  160  teeth,  goes  round  in  four  hours,  and  the  indai 
(fig.  492)  is  put  upoo  its  axis,  and  moved  round  in  the  same  time.  Tit 
hole  in  the  index  is  round ;  it  is  put  tight  upon  the  round  end  of  the  ixi^ 
so  as  to  be  carried  by  the  motion  of  the  wheel,  but  may  be  set  at  anj  tine 
to  the  proper  hour  and  minute^  without  affecting  either  the  wheel  or  its  ixit. 
This  wneel  of  160  teeth  tsras  a  pinion,  B,  of  ten  leares ;  and  as  10  is  fcot 
A  sixteenth  part  of  160,  the  pinion  -goes  round  in  a  quarter  of  an  hour.  Oi 
the  axis  of  this  pinion  is  the  wheel  C  of  120  teeth ;  it  also  goes  round  ia  a 
quarter  of  an  hour,  and  turns  a  pinion  D,  of  eight  leaves,  round  in  i 
minute;  for  there  are  15  minutes  in  a  ouarter  of  an  hour,  and  8  tina 
15  is  120.  On  the  axis  of  this  pinion  is  die  second-hand  B^  (fig.  492,  «fi^ 
abo  the  common  wheel  £,  fig.  493,  of  30  teeth,  for  moving  a  pendulum  (If 
pallets)  that  vibrates  seconds,  as  in  a  common  clock. 

-  Tiiis  clock  is  not  designed  to  be  wound  up  by  a  vnaAy 
but  to  be  drawn  up  like  a  clock  that  goes  only  thirty  houn. 
For  this  purpose^  ihe  line  must  go  over  a  pulley  on  the  asis 
of  the  great  wheel,  as  in  a  common  thirty-hour  clock. 

One  inconvenience  att^iding  this  clock  is,  that  if  a  person 
^rake  in  the  night,  and  look  at  the  clock,  he  may  possibly  be 
mistaken  in  the  four  hours,  in  reckoning  the  time  by  H,  tf 
the  hand  cannot  be  upon  any  hour,  or  pass  by  any  hour, 
without  being  u^n,  or  passing  by,  four  hours  at  the  same 
time.  In  order,  therefore,  to  avoid  this  inconvenience,  the 
ingenious  Mr.  Ferguson  contrived  the  following  method. 

tn  fig.  494,  the  dial-plate  of  such  a  clock  is  represented  ;  in  which  ibf^ 
is  an  opening,  abed,  below  the  centre.  Through  this  opening,  part  of  a  fi^ 
4)late  appears,  on  which  the  12  hours  are  eneraveo,  and  divided  iot} 
quarters.  This  plate  is  contiguous  to  the  back  of  the*  dial-plate,  and  trntf 
round  in  12  hours ;  so  that  ue  true  hour  or  part  thereof,  appears  intb 
middle  of  the  opening,  at  the  point  of  an  index.  A,  which  is  engrared  (» 
the  face  of  the  dial^^ate.  B  is  the  minute-hand^  as  in  a  common  cloct 
going  rouiui  through  all  the  60  minutes  on  the  dial  in  an  hour ;  and  in  tlot 
time,  the  plate  seen  through  the  opening  a  b  ctf  shifts  one  hour  under  tbe 
fixt,  en^aven  index  A.  fiv  these  means  the  hour  and  minute  may  ^ 
always  known  at  whatever  time  the  dial-plate  is  riewed.  In  this  plate  b 
anocher  opening,  tfgkf  tknmgh  whkh  the  aeoc^  &i%  ^een  oob^ 
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sovtbU  ling,  almoet  obBtigocoB  to  the  back  of  t&e  dialrfiat^  nbd  at  the 
fwg  torn  rovad^  the  seconds  upon  it  are  shown  by  thi  (op  point  of  a 
flear-<le-lis  C,  engraved  on  the  &ce  of  the  dial-plate. 

Fig.  495  represents  the  wheels  and  pinions  in  this  clock.  A  is  the  first 
or  great  wheel ;  it  contains  120  teeth,  and  turns  round  in  12  hours.  On 
Its  axis  is  the  pUrte  on  which  the  12  hours  above^memtioned  are  engraved. 
This  plate  is  not  fixed  on  the  axis,  but  is  only  put  tight  uppQ  a  round  past 
thereof  so  that  any  hour,  or  part  of  an  hour,  may  be  set  to  the  top  of  the 
fixed  index  A,  $g.494,  t^ithoiit  affecting  the  motion  of  the  wheel,  ror  this 
purpose,  twelve  small  holes  are  drilled  through  the  plate,  one  at  each  hour, 
among  the  quarter  divisions :  and  by  putting  a  pin  into  any  hole  in  view, 
the  plate  may  be  set,  without  afiMting  any  part  of  the  whoeUwork.  Hiis 
great  wheel  A,  of  1 20  teeth,  turns  a  pinion  B,  of  ten  leaves,  round  in  an 
hour;  and  the  minute-hand  B,  fig.  49i,  is  on  the  axis  of  this  pinion,  the 
end  of  the  axis  not  being  square  but  round,  that  the  minute-hand  may  be 
turned  occasionally  upon  it  vrithout  affecting  any  part  of  the  movement. 
On  the  axis  of  the  pieion  B  is  a  wheel  C  of  120  teeth,  turning  round  itk 
an  hoar,  and  turning  a  pinion  D,  of  six  leaves,  in  three  minutes ;  for  three 
minutes  is  a  twentieth  part  of  an  hour,  and  0  is  a  twentieth  part  of  120. 
On  the  axis  of  this  pinion  is  a  wheel  E  of  90  teeth,  going  round  in  three 
minutes,  and  keeping  a  pendulum  in  motion  that  vibrates  seconds,  by 
pallets,  as  in  a  common  dodc,  where  the  peinlolumTiidieel  has  only  30  teetby 
and  goes  round  in  a  minute.  But  as  this  wheel  goes  round  only  in  thier 
injniites,  if  it  be  want^  to  show  the  seconds,  a  thin  plate  must  be  divided 
into  3  times  60,  or  180  equal  parts,  and  numbered  IQ,  20,  SO,  40,  50,  CO ; 
10,  20,  30,  40,  50,  60;  10, 20,  30,  40,  50,  60;  and  fixed  upon  the  same 
axis  with  the  wheel  of  90  teeth,  so  near  the  back  of  the  dial-plate,  as 
only  to  turn  round  without  touching  it ;  and  these  divisions  will  show  the 
seconds  through  the  opening  €fgk  in  the  dialnplate,  as  they  slide  gradually 
round  below  the  point  of  the  fuced  fleur-de-lis  C. 

Ab  the  great  wheel  A,  and  pulley  on  ita  aods,  over  wbidi 
the  oord  goes^  (aa  in  a  common  tniity^liour  clock,)  tmms  round 
only  once  in  twenty-four  bours^  this  clock  will  go  a  week  with 
a  cord  of  common  lengthy  and  always  have  the  true  bour^  or 
part  of  that  hpur,  in  night  at  the  upper  end  of  the  fixed  index 
A  on  the  dial-plate. 

There  are  two  advantages  which  Mr.  Fei^^uson's  clock  hm 
beyond  Dr.  Franklin^s :  but  it  has  two  disadvantages  of  which 
his  clock  is  free.  For  in  this,  although  the  twelve-hour  wheel 
turns  the  minute  index  B,  yet  if  that  index  be  turned  by  hand 
to  set  it  to  the  proper  minute  for  any  time,  it  will  not  move 
the  twelve-hour  plate  to  set  the  corresponding  part  of  the 
hour  even  with  the  top  of  the  index  A :  and  therefore,  after 
having  set  (he  minute  ipdex  B  right  by  hi^id,  the  hour-plate 
must  he  set  right  by  m^eans  of  a  pin  put  into  the  small  hole 
m  the  plate  just  below  the  hour.  It  is  true  there  is  no  great 
disadvantage  in  this ;  but  the  pendulum-wheel  having  ninety 
teeth  instead  of  the  common  ncmiber  thirty,  may  probably 
make  some  difference  to  the  scapement,  on  account  of  the 
•moMneas  of  the  teeth;  and  it  is  certain  thftt  it  wiUciMi»e  tb« 
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pendulnm-liBll  to  describe  but  small  axts  in  its-  nbiitioni. 
^Some  men  of  scietace  think  small  arcs  are  best ;  but  where- 
fore we  know  not.  For  whether  the  ball  describes  a  large  or 
a  small  arc^  if  the  arc  be  nearly  cycloidal,  the  vibrations  will 
be  performed  in  equal  times ;  the  time  there£3re  will  depend 
entirely  on  the  length  of  the  pendulum-rod,  not  on  the  lo^ 
of  the  arc  the  bsJl  describes.  The  larger  the  arc  is,  the 
greater  the  momentum  of  the  ball;  and  the  greater  tbe 
.momentum  is,  tbe  less  will  the  time  of  the  vibratkms  be 
affected  by  any  unequal  impulse  erf  the  pendulum- wheel  iqMi 
thejpallets. 

Ine  greatest  objection  to  Mr.  Ferguson^s  clock  is,  tU 
the  weight  of  the  flat  ring  on  which  the  seconds  are  engrave^ 
will  load  the  pivots  of  the  axis  of  the  pendulum^wheel  witlii 
great  deal  of  friction,  which  ought  by  all  possible  means  to 
be  avoided ;  and  yet  one  of  these  clocks,  recently  made,  goes 
very  well,  notwithstanding  the  weight  of  this  ring.  This 
objection,  however,  can  easily  be  remedied  by  leaving  it  out; 
for  seconds  are  of  very  little  use  in  common  clocks  not  made 
for  astrononucal  observations;  and  table  clocks  never  han 
them. 

Having  thus  described  this  dock,  we  shall  next  proceed  to 

£' ve  a  description  of  a  clodc,  by  the  same  ii^enious  mechask, 
r  showing  the  apparent  daily  motions  of  £e  sun  and  mooo, 
the  age  and  phases  of  the  moon,  with  the  time  of  her  conuDg 
to  the  meridian,  and  the  times  of  high  and  low  water,  I7 
having  only  two  wheels  and  a  pinion  added  to  the  commoB 
movement. 

Mr.  Ferguson's  clock  for  exhibiting  the  apparent  daUj 
motions  of  the  sun  and  moony  and  state  of  the  tides,  Sfc. 
The  dial-plate  of  this  clock  is  represented  by  (ie.  496.*  It  contiins  iB 
the  twenty-four  hoars  of  the  day  and  night.  S  is  uke  sun,  which  xrfm  ai 
an  hour  index,  by  going  roond  the  dial^>late  in  twenty-foor  boon;  asd H 
b  the  moon,  which  goes  round  in  twenty-four  hours  fifty  minutes  anla 
hal^  from  any  point  in  the  hour  circle  to  the  same  point  again,  which  is 
equal  to  the  tune  of  the  moon's  going  round  in  the  heavens,  from  tk 
meridian  of  any  place  to  the 'same  meridian  again.  The  sun  is  find  t» 
a  circular  plate,  as  fi|.  497/  and  carried  round  by  the  motion  of  tbe  [Mr 
on  which  the  twenty-four  hours  are  engraTen,  and  within  them  is  a  ctitk 
divided  into  twenty-nine  and  a  half  equal  parts  for  the  days  of  the  mooo^ 
age,  accounted  from  the  time  of  any  new  moon  to  the  next  after;  aod 
^ch  day  stands  directly  under  the  time  (in  the  twenty-four  hoar  circk) 
of  the  moon's  coming  to  the  meridian,  the  twelve  under  the  son  sttadni 
for  mid-day,  and  the  opposite  twelve  for  mid-nieht.  Thus,  when  tbt  moos 
is  eight  days  old,  she  comes  to  the  meridian  at  half  an  hour  past  six  in  tM 
afternoon ;  and  when  she  is  sixteen  days  old,  she  comes  to  the  meridiin^ 
one  o'clock  in  the .  morning.  The  moon  M,  ftg.  496,  is  fixed  to  t»^ 
cifcuhur  plate,  of  the  same  diameter  vrith  that  which  carries  theJ»»*" 
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this  moon-^aU  turns  round  in  twenty-four  hours  fifty  minutes  and  a"  halt 
It  is  cut  open,  so  as  to  show  some  of  the  hours  and  days  of  the  moon's 
ige ;  on  the  plate  below  it  that  carries  the  sun,  and  across  this  opening  at 
8  and  b  are  two  short  pieces  of  small  wire  in  the  moon-plate.  Ine  wire  a 
shows  the  day  of  the  moon's  age,  and  time  of  her  coming  to  the  meridian, 
on  the  plate  below  it  that  carries  the  sun ;  and  the  wire  b  shows  the  time  of 
high  water  for  that  day,  on  the  same  plate.  These  wires  must  be  placed  as 
hr  from  one  another,  as  the  time  ot  the  moon's  coming  te  the  ^meridiaa 
differs  from  the  time  of  high-water  at  the  place  where  the  clock  is  intended 
to  serre.  At  London-bridge  it  is  high  water  *whea  the  moon  is  two  hours 
and  a  half  past  the  meridian. 

AboTe  this  plate  that  carries  the  moon,  there  is  a  fixed  plate  N,  supported 
by  a  wire  A,  tne  upper  end  of  which  is  fixed  to  that  plate,  and  the  lower 
eod  is  bent  to  a  right  angle,  and  fixed  into  the  dial-plate  at  the  lowermost 
or  midnight  twelve.  This  plate  may  represent  the  earth,  and  the  dot  at  I^ 
London,  or  any  other  place  at  which  the  clock  is  designed  to  show  the 
times  of  high  and  low  water. 

Afomid  this  plate  is  an  elliptical  shade  upon  the  plate  that  carries  the 
moon  M :  the  highest  points  of  this  shade  are  markea  lligh  Water  and  the 
lowest  points  Low  Water :  as  this  plate  turns  round  below  the  fixed  plate  N, 
the  high  and  low  water  points  come  successively  even  with  L,  and'  st^nd 
just  orer  it  at  the  times  when  it  is  high  or  low  water  at  the  giren  place ; 
which  times  are  pointed  out  by  the  sun  S,  among  the  twenty-tour  hours  on 
the  dial- plate:  and,  in  the  arch  of  this  plate,  above  twelve  at  noon,  is  a 
plate  H,  that  rises  and  falls  as  the  tide  does  at  the  given  place.  Thus,  when 
It  is  high  water,  (suppose  at  London,)  one  of  the  highest  points  of  the 
elliptical  shade  stands  just  over  L,  and  the  tide  place  H  is  at  its  greatest 
height :  and  when  it  is  low  water  at  London,  one  of  the  lowest  points  of  the 
elliptical  shade  stands  over  L,  and  tne  tide  place  II  is  quite  down,  so  as  t« 
disappear  be3rond  the  dial-plate.  As  the  sun  S  goes  round  the  dial-plate 
in  24  hours,  and  the  moon  M  goes  round  it  in  24  hours  50i  minutes,  the 
moon  goes  so  much  slower  than  the  sun  as  only  to  make  28^  revolutions 
in  the  time  the  sun  makes  29§;  and  therefore  the  moon's  distance  from 
the  sun  is  continually  changing;  so  that  at  whatever  time  the  sun  and 
moon  are  together,  or  in  conjunction,  in  29i  days  afterwards  they  will  be 
in  conjunction  again.  Conseauently  the  plate  that  carries  the  moon  moves 
so  much  slower  tnan  the  plate  tnat  carries  tne  sun,  as  always  to  make  the  wire 
a  shift  over  one  day  of  tne  moon*s  age  on  the  sun's  plate  in  24  hours. 

In  the  plate  that  carries  the  moon,  there  is  a  rouna  hole  m,  through  which 
the  phase  or  appearance  of  the  moon  is  seen  on  the  sun's  plate,  for  every 
day  of  the  moon^  age  fix>m  change  to  change.  When  the  sun  and  moon 
are  in  conjunction,  the  whole  space  seen  through  the  hole  m  is  black: 
when  the  moon  is  opposite  to  the  sun  (or  full)  all  that  space  is  white ;  when 
she  is  in  either  of  her  quarters,  the  same  space  is  half  black  and  half  white; 
and  different  in  all  other  positions,  so  as  the  white  part  may  resemble  the 
visible  or  enlightened  part  of  the  moon  for  every  day  of  her  age. 

To  show  these  various  appearances  of  the  moon,  there  is  a  black  shaded 
space,  fig.  497,  as  N/F/,  on  the  plate  that  carries  the  sun.  WI\en  the  siui 
and  moon  are  in  conjunction,  tlie  whole  space  seen  through  tne  round  liol^ 
is  black,  as  at  N  ;  when  the  moon  is  full,  opposite  to  the  sun,  all  the  spac^ 
seen  thixmgh  the  round  hole  is  white,  as  at  r ;  when  the  moon  is  in  her 
first  quarter,  as  at  /,  or  in  her  last  quarter,  as  at  /,  the  hole  is  only  half 
shaded ;  and  -more  or  less  accordingly  for  each  position  of  tne  moon,  with 
repaid  ta  her  age ;  as  is  abundantly  plain  by  tlie  figure. 
iThe  wheel-work  and  tide-work  of  this  clock  are  represented  by  fig*  49^, 
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in  irvlriehr  A  and  B  are  twv  Wfaeela  of  equal  diMiieters.  A  huS7  tn^ 
its  axis  is  hollow,  it  comas  through  the  dial  of  the  clock,  and  canicf  tie 
aun-plate  with  the  nm,  S,  in  iv  496.  B  has  59  teeth,  its  axis  is  a  sotid 
sjMndie,  turning  within  the  hollow  axis  of  A,  and  carrying  the  moon-plaie 
with  the  moen,  M,  in  fig.  496.  A  pinion  C,  of  19  leaves,  takes  into  ^ 
teeth  of  both  the  wheels,  and  turns  them  round.  This  pinion  is  tomd 
round,  by  the  common  clock-work^  in  eight  hoursv  afid  as  8  is  s  tbird 
partof  34,80 19  if  a  third  paitof  57:  and  fiiereft>re  the  wheel  A  of57  te<6, 
that  carries  the  sun,  will  go  round  in  24  hours  exactly.  Bot  as  thesaae 
pinion  C  (that  tarns  the  nHieel  A  of  57  teeth)  turns  also  the  wheel  B  of  iP 
teeth,  this  last  wheel  will  not  turn  round  in  less  than  Q4  hours  50|  numfc^ 
of  time;  for  as  57  teeth  are  to  24  hours,  to  are  59  teeth  to  24  houisSOi 
nioates,  very  nearly. 

On  the  back  of  the  mooD'^whed  of  59  teeUi  is  fixed  an  elliptical  ring  U 
which,  as  it  turns  round,  reomla  and  lets  down  a  lever  £  F,  whose  centre* 
motion  is  on  a  pin  at  F ;  and  this,  by  means  of  an  upright  bar  G,  raises  s^ 
lets  down  the  tide-plate  H,  twice  in  the  time  of  the  moon's  revolving  b^ 
the  meridian  to  the  meridian  ^ain.  The  upper  edge  of  this  plate  is  she*; 
at  H,  in  fig.  496,  and  it  moves  between  four  rollers,  R  R  R  R,  in  fi^.  49S. 

Mr.  FerguBou  states  that  be  made  one  of  these  clocks  tof|8 
by  the  movement  of  an  old  watch  in  the  following  manner: 
to  the  end  of  the  axb  of  the  first  or  great  wheel  of  a 
watch,  which  goes  round  in  four  hours,  he  put  a  wheel  of 
20  teeth  to  turn  a  wheel  of  ^  teeth  on  the  axis  of  the 

Einion  C ;  by  which  means,  that  pinion  turned  round  in  eiflit 
ours,  the  wheel  A  in  24  hours^  and  the  wheel  B  in  24  horn 
50|f  minutes. 

The  writer  of  the  different  branches  of  Hordo^in  Dr.  Rces'i 
Cyclopedia  states,  that  there  is  an  inaccuracy  m  the  nttmben 
of  the  wheel-work  adopted  in  the  dial-work  of  this  dock, 
which  would  render  it  too  imperfect  to  be  used  for  a  consider- 
able length  of  time  without  a  new  rectification,  even  provMei 
the  motions  of  the  sun  and  moon,  or,  more  properly  speakiagy 
of  the  earth  and  moon,  were  quite  equable,  as  the  construc- 
tion supposes,  which  inaccuracy,  he  states,  may  thus  be 
expluned. 

**  As  the  pinion  of  19  drives  both  the  wheels  of  57  and  59,  when  the  ibnnff 
has  performed  a  revolution  in  a  solar  day,  the  latter  falls  two  teeth  sboft  a 
a  revolution,  which  it  completes  not  until  two  teeth  of  the  second  rctohrtw 
of  the  wheel  57  have  been  again  impelled,  so  that  in  every  24  hours  tke 
little  moon  loses  A  of  its  revolution,  which  is  a  part  of  a  relative  relrogts^ 
motion,  as  it  regards  any  point  for  instance,  the  upper  hoar  xii,  in  the  soiaf 
plate,  so  that  as  often  as  2  are  contained  in  59,  so  many  daj-spwes 
must  there  be  on  the  solar-plate,  figured  in  a  retrograde  direction,  as  the 
figures  regard  the  principal  plate ;  but  the  value  of  A  is  29|  exactly,  wl»»«* 
number  of  days  measures  the  lunation  according  to  these  wheels  exscd;: 
there  is,  therefore,  a  monthly  error  of  44"  3*  almost,  which  will  amoaot  to 
nearly  an  entire  day  in  the  short  space  of  about  32  lunations. 

"  But  there  is,  moreover,  a  practical  objection  to  the  two  wbed^  57  tfj 
59,  being  both  driven  by  the  same  pinion  of  19,  which  is,  that  being  of  w 
same  diameter,  the  distance  between  their  teeth  is  noi  the  tame  la  tock,  ^ 
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b«mg  :ff(bt,  and  Uit  other  \ih  of  a  semicircle,  supposing  their  teeth  and 
spaces  to  be  respectively  equal  to  one  another,  but  if  both  wheels  are  cut  in 
the  cutting-engine  by  the  same  cutter,  the  inequality  will  fall  in  the  teeth 
entirely ;  m  either  cases,  the  action  of  one  of  the  teeth  must  be  bad  if  the 
other  is  properly  proportioned,  and  periodic  jerks  will  be  the  consequence, 
which,  in  wheel-work  going  by  a  clock  or  watch  movement,  ought  to  be 
avoided.  Whether  or  not  Mr.  Ferguson  had  the  dial  of-  the  clock  at 
Hampton  Court  in  his  eye  when  he  contrived  the  simple  mechanism  of  this 
clock,  we  will  not  undertake  to  affirm ;  but  we  think  it  extremely  probable, 
that  he  had,  particularly  as  he  has  copied  the  position  of  the  annular  train 
in  another  of  his  clocks.  Being  in  the  habit  ot  calculating  numbers  proper 
for  representmg  given  periods  of  time  in  clocks,  watches,  orreries,  &c.  we 
have  turned  our  thoughts  towards  the  improvement  of  this  clock,  as  well 
as  of  other  pieces  of  mechanism,  so  far  as  relates  to  accuracy ;  and  beg 
leave  to  lay  before  the  reader  the  alteration  that  has  occurred  to  us,  for 
Tendering  the  clock  before  us  more  perfect  than  it  is  in  the  state  above  described . 

"  When  describing  the  Hampton  Court  clock,  we  endeavoured  to  prove 
that  when  the  moon  s  age  is  indicated  by  the  difference  of  the  velocities  of 
the  two  hands,  moving  in  the  same  direction,  and  representing  the  sun' 
zad  moon,  the  latter  ought  to  pass  the  xii  o'clock  point,  on  each  day  50« 
473  nearly  later  than  on  the  preceding  day ;  but  by  Mr.  Ferguson's  calcu- 
lations we  see  the  daily  retrogradation  is  50"  526,  and  Uie  difference 
^53  amounts  to  an  entire  day's  motion  in  a  little  more  than  952  days ;  or 
somewhat  upwards  of  32  lunations,  as  we  have  stated.  What  therefore 
we  want,  in  this  case,  is  a  couple  of  divisible  numbers  that  shall  be  to 
each  other  very  nearly  in  tlie  ratio  of  24^  to  24^  50»  473,  which  numbers,  1^ 
a  peculiar  arithmetical  process  become  familiar  to  us  by  practice,  we  have 
determined  to  be  2368  :  2451.  lliese  are  the  nearest  possible  numbers 
that  can  be  got  without  ascending  higher  in  the  scale  of  continual  ratios,  and 
are  luckily  capable  of  reduction  into  composite  numbers  thus :  2368  taken 
as  a  product  is  equal  to  74  x  32  and  2451  «  57  x  43 ;  therefore  the  train 
H  ^  H  ^iU  be  the  wheel-work  required ;  the  solar  wheel  of  74  teeth  being 
aiade  to  revolve  with  a  tube  as  an  arbor  in  24  hours,  by  the  clock  move- 
ment, must  impel  the  wheel  of  43  placed  on  a  stud,  or  otherwise  on  the 
front  plate  of  the  frame,  at  one  side  of  it,  and  this  wheel  of  43  must  have 
the  next  driver,  32,  pinned  to  it,  to  impel  the  last  wheel,  57,  or  lunar 
wheel,  placed  on  a  solid  arbor,  concentrically  behind  the  Solar  wheel, 
According  to  Mr.  Ferguson's  position,  and  the  dials  and  other  designs  of 
the  clock  face  may  remain  precisely  as  described;  so  that  instead  of  the 
pinion  of  19  impelling  two  unequal  wheels  at  once,  we  shall  have  a  pair  of 
small  wheels  pinned  together,  one  impelled  by,  and  the  other  impelhng  its 
fellow,  where  the  motion  must  be  taken  from  an  arbor  of  twelve  hours, 
carrying  a  wheel  of  37  to  actuate  the  74  in  twenty-four  hours,  instead  of 
from  one  of  eight  hours,  as  Mr.  Ferguson  proposed;  which  mode  is  equally 
practicable. 

**  As  a  proof  of  the  accuracy  of  our  calculation,  we  have  by  direct  propor* 
tion  as  2368 :  2451 :  ;  24^:  24^  50"  4729729,  &c :  hence  the  deviation  from 
the  data  is  here  only  0000271  of  a  minute  in  each  lunar  day,  which  will 
not  amount  to  an  error  of  an  entiie  day  in  less  than  1,862,472  such  days, 
and  therefore,  may  be  assumed  as  no  bad  substitute  of  the  truth  itself;  see- 
ing the  clock  will  never  be  expected  to  go  so  long  without  clearing  or  stop* 
page  from  some  external  cause. 

**  Should  it  occur  to  the  reader  that  32  lunations  constitute  a  period  long 
enough  for  the  clock  of  Mr.  Ferguson  to  go,  before  a  new  rectification,  we 
beg  leave  to  suggest  to  him,  that  in  the  space  of  a  lunar  day  there  are  two 
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tides  and  two  ebbs,  conaequeDtly  an  error  of  tkree-qoarters  of  an  hour  m  mA 
lunation  will  place  the  tide-plate  H,  three  hours  wrong  in  the  space  of  aboot 
fbiu*  months,  and  in  nearly  eight  months  an  high  water  will  be  changed  imo 
low  water,  and  the  reverse  in  the  next  eight  months,  which  is  certaialj  an 
Indispensable  error. 

^  That  the  clock-maker  may  not  be  at  a  loss  how  to  apply  the  remedy  ve 
have  proposed  for  the  inaccuracy  of  Mr.  Ferguson's  solar  and  lunar  wheels^ 
we  shall  conclude  our  description  of  the  clock  before  us  with  an  accotmt  oT 
the  exact  dimensions  of  the  parts  proposed  to  be  substituted.  If  we  take 
the  wheel  of  communication  of  37  teeth  at  12  per  inch,  measured  at  the 
pitch  line,  its  geometrical  diameter  will  be  98  or  -ff^  of  an  inch,  and  ia 
practical  diameter,  with  the  addendum  for  the  ends  of  the  teeth,  1*04 ;  tk 
wheel  of  74  being  double  will  have  its  geometrical  diameter  equal  to  i-^ 
and  its  practical  one  2*02 ;  the  fellow  of  this  last  or  solar-wheel  has  h 
geometrical  diameter  by  the  same  proportion,  1.14,  and  its  practical  oh 
tJZO;  the  distance  of  the  stud  from  the  centre  of  motion  of  tne  solar  vi 
lunar  wheels,  must  necessarily  be  the  sum  of  the  geometrical  radii  of  tiiae 
two  last  wheels,  namely,  1  '96  + 1 .1 4 -h 2^  which  is  ^I'SS ;  again  the  m 
of  the  geometrical  radii  of  the  remaining  two  wheels,  32  and  57,  must  be 
also  equal  to  1*55,  in  order  that  the  centres  of  motion  of  the  sobr  and  lumi 
wheels  may  exactly  coincide ;  but  a  wheel  of  a  geometrical  diameter  equal  tt 
1-55x2^  or  3.10  inches  and  of  32  +  57^ or  89  teeth,  will  hare  only  abort 
nine  teeth  per  inch,  and  the  practical  diameters  of  wheels  32  and  57,  by  tbe 
same,  will  be  respectively  1*21  and  2*1.  The  calliper  suitable  (or  these 
proportions  and  dimensions  is  given,  of  their  full  size  and  dimensions,  io 
n%,  498*,  which  needs  no  farther  explanation,  except  that  the  wheels  43  and 
32  are  so  nearly  of  a  size  that  one  circle  represents  ooth,  as  pinned  togethei^ 
and  revolving  with  a  contemporary  motion  round  a  stud  or  screw  in  their 
<5entre,  going  into  the  front  plate  of  the  dock-frame.  The  small  wheel  of  33 
acts  deeper  into  the  teeth  of  its  fellow  than  the  43,  by  reason  of  having  larger 
teeth  than  the  other,  though  the  wheel  is  of  the  same  size." 

In  the  year  1803^  the  ScMety  for  the  Encouragement  of  Arts^ 
&c.  presented  to  Mr,  John  Prior,  of  Nessfield,  Yorkshire,! 
reward  of  thirty  guineas  on  account  of  his  contrivance  for  ^ 
striking  part  of  an  eight-day  clock.  As  this  invention  is 
likely  to  be  useiul  we  shall  describe  it  here.  It  consists  of  a 
wheel  and  fly,  with  six  turns  of  a  spiral  line,  cut  upon  the 
wheel  for  the  purpose  of  counting  the  hours.  The  pins  beknir 
this  spiral  elevate  the  hammer,  and  those  above  are  for  tbe 
use  of  the  detent.  This  single  wheel  serves  the  purpose  of 
count- wheel,  pin-wheel,  detent- wheel,  and  the  fly-wheel,  and 
has  six  revolutions  in  striking  the  twelve  hours.  Ir  we  suppose 
a  train  of  wheels  and  pinions  used  in  other  striking  parts  to  be 
made  without  error,  and  that  the  wheels  and  pinions  wovli 
turn  each  other  without  shake  or  play,  then,  allowing  the  above 
supposition  to  be  true,  (tjiough  every  mechanic  knows  it  is  not,) 
Mr.  Prior's  striking  part  would  be  found  six  times  superior  to 
others,  in  striking  the  hours  1,  2,6,7?  10,  11  ;  twelve  time* 
superior  in  striking  4,  6,  8 ;  and  eighteen  times  in  strikiug  3^ 
9,  and  12.     In  striking  2,  the  inventor  purposely  made  aa 
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inmtfection  equal  to  the  mdat  of  three  teeth  of  the  wh^l| 
iBd  in  striking  3,  an  imperfection  of  nine  or  ten  teeth;  and 
yet  both  these  hours  are  struck  perfectly  correct.  The  flies  in  . 
clocks  turn  round  at  a  mean,  about  sixty  times  for  every  knock 
of  the  hammer^  but  this  turns  round  only  three  times  for  the 
same  purpose :  and  suppose  the  pivots  were  of  equal  diameters, 
the  influence  of  oil  on  them  would  be  as  the  number  of 
revolutions  in  each.  It  would  be  better  for  clocks  if  they 
gave  no  warning  at  all,  but  the  snail  piece  to  raise  a  weig^ 
somewhat  similar  to  the  model  Mr.  P.  sent  for  the  inspection 
of  that  respectable  society. 

Ilie  strilODg  part  of  this  clock  is  represeoted  in  fig.  499* 

A|  tbe  Uurge  wheel,  on  the  £au!e  of  which  are  sunk  or  cut  the  six  turns  of  a 
spinL 

B|  the  single  worm  screW|  which  acts  on  the  above  wheel,  and  mores 
dieflyC. 

D,  tbe  spiral  work  of  the  wheel  A.  The  black  spots  show  the  grooves 
into  which  the  detents  drop  on  striking  the  hour. 

£,  the  groove  into  which  the  locking  piece  F  drops  when  it  strikes  \f 
and  from  which  place  it  proceeds  to  the  outward  ]^arts  of  the  spiral  in  the 
progressive  hours,  being  throvm  out  by  a  lifting  piece  U  at*  eacn  hour ;  the 
upper  detent  O  being  pumped  off  with  the  locking  pieoe  F,  from  the  pins  oq 
the  wheel  A. 

In  striking  the  hour  of  12,  the  locking  piece,  having  arrived  at  the  outer 
spir^  at  U,  rises  up  an  inclined  plane,  and  drops  by  its  ovm  weight  into 
the  inner  circle,  in  which  the  hour  1  is  to  be  struck,  and  proceeds  on  in  a 
progressive  motion  through  the  different  hours  till  it  comes  again  to  13. 

I,  ^e  hammer-work  made  in  the  common  way,  which  is  worked  by  thirteen 
pins  on  tlM  face  of  the  spiral. 

Fig.  500,  Ky  the  thirteen  pins  on  the  &ce  of  the  spiral,  which  work  the 
hammer-work. 
^  L,  the  outer  pins  which  lock  the  detent* 
,'li^  the  pump  spring  to  die  detent. 

In  the  fonrdi  century,  an  artist  named  James  Dondi  con- 
structed a  clock  for  the  city  of  Padua^  which  was  lone  con'* 
sidered  as  the  wonder  df  the  period.  Besides  indicating  Uie 
hours^  it  represented  the  motions  of  the  sun^  moon,  and 
planets^  as  well  as  pointed  out  the  different  festivals  of 
the  year.  On  this  account  Dondi  obtained  the  surname  of 
Horologio,  which  became  that  of  his  posterity*  A  short  time 
after>  William  Zelander  constructed  for  the  same  city  a 
clock  still  more  complex  \  which  was  repaired  in  the  sixteenth 
century  by  Janellin  Turrianus,  the  mechanist  of  Charles  V. 

But  the  clocks  of  the  cathedrals  of  Strasburghandof  Lyons 
are  much  more  celebrated.  That  of  Strasburs^  was  the  work 
of  Conrad  Dayspodius,  a  mathematician  of  that  city,  who 
finished  it  about  1578.  The  face  of  the  basement  of  this 
dock  exhibits  three  dial-plates ;  one  of  which  is  round,  and 
consists  of  sereral  concentric  circles ;  the  two  kiterier  Mts  of 
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which  perform  their  retoltitions  in  a  /ear,  and  serve  to  maik 
the  days  of  the  year,  the  festival8,  and  other  circiimstanete  d 
tiie  calendar.  The  two  hcteral  dial-plates  are  square,  and 
serve  to  indicate  the  eclipses  both  of  the  suit  and  the  moon. 

Above  the  middle  dial-plate,  and  in  the  attic  space  of  die 
basement,  the  days  of  the  week  are  represented  hy  (tififeftot 
divinities,  supposed  to  pi^eside  over  the  planfets  from  wludi 
tiieir  common  appellatidus  are  derived.  The  divinity  of  the 
current  day  appears  in  a  car  rolling  over  the  clouds,  and  at 
midnight  retires  to  give  place  to  the  succeeding  one.  Before 
the  basement  is  seen  a  globe  borne  on  the  wings  of  a  pelican, 
around  which  the  sun  and  moon  revolved ;  and  which  in  that 
manner  represented  the  motion  of  these  planets,  but  this 
part  of  the  machine,  as  well  as  several  others,  has  been  de 
ranged  for  a  long  time.  The  ornamental  turret,  above  thii 
basement,  exhibits  chiefly  a  large  dial  in'the  form  of  an  astro- 
labe; which  shows  the  anniial  motion  of  the  suti  and  motv 
through  the  ecliptic,  the  hours  of  the  day,  &c.  The  pkascs 
of  the  moOn  are  seen  also  marked  out  on  a  particular  dial- 
plate  above.  This  work  is  remarkable  also  for  a  considerable 
assemblage  of  bells  and  figures,  which  perform  different  mO' 
tions.  Above  the  dial-plate  last  mentioned,  for  eitampte,  the 
four  ages  of  man  are  represented  by  symbolical  figures :  one 
passes  every  quarter  of  an  hour,  and  marks  the  quarter  by 
striking  on  small  bells ;  these  figures  are  followed  by  Death, 
who  is  expelled  by  Jesus  Christ  risen  from  the  grave:  whoy 
ho\^ever,  permits  it  to  sound  the  hour,  in  order  to  warn  man 
that  time  is  on  the  wing.  Two  small  angels  perform  moFe- 
ments  also ;  one  striking  a  bell  with  a  sceptre,  whilst  the 
other  turns  an  hour-glass  at  the  expiration  of  an  hour.  Ifl 
the  last  place,  this  work  is  decorated  with  various  aoiiuals, 
which  emitted  sounds  siiiuiar  to  their  natural  voices ;  but 
none  of  them  remain^  except  the  cock,  which  crows  imioe' 
diately  before  the  hour  strikes,  first  stretching,  out  its  neck 
apd  claiming  its  wings.  Indeed  it  is  t6  be  regretted  that  a 
great  part  of  this  curious  machine  is  now  entirely  deranged. 

The  clock  of  the  cathedral  of  Lyons  is  of  less  size  than  that 
of  Strasburgh,  .but  is  not  inferior  to  it  in  the  variety  ot  its 
movements ;  it  has  the  advantage  also  of  being  in  a  good  con- 
dition. It  is  the  work  of  Lippius  de  Basle^  and  was  exceed- 
ingly well  repaired  in  the  last  century  by  an  ingenious  dock- 
maker  of  Lyons,  named*  Nourisson.  Like  that  of  Strasburgh, 
k  exhibits,  oiv  different  dial- plates,  the  annual  and  diumal 
progress  oS  the  sun  and  moon,  the  days  of  the  year,  their 
kngth)  and  the  whole  calendar,  civil  as  well  as  ecclesiutic# 
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The  days  of  the  week  are  indicated  by  symbols  more  analo- 
gous  to  the  place  where  the  dock  is  erected ;.  the  hours  are 
announced  by  the  crowing  of  a  cock,  three  times  repeated,  aftei* 
it  has  clapped  its  wings,  and  made  various  other  movements« 
When  the  cock  has  done  crowing,  angels  appear,  who  by 
litriking  various  bells,  perform  the  air  of  a  hymn  ;  the  annun- 
ciation of  the  virgin  is  represented  also  by  moving  figures,  and 
by  the  descent  of  a  dove  from  the  clouds ;  and  after  this 
mechanical  exhibition  the  hour  strikes.  On  one  of  the  sides  of 
the  clock  is  seen  an  oval  dial-plate,  where  the  hours  and 
minutes  are  indicated  by  means  of  an  index,  which  lengthens 
or  contracts  itself,  according  to  the  length  of  the  semidiameter 
of  the  ellipsis  over  which  it  moves. 

A  very  curious  clock,  the  work  of  Martinot,  a  celebrated 
clock-maker  of  the  seventeenth  century^  was  formeriy  to 
be  seen  in  the  ro3ral  apartments  at  Versailles,  fiefore  it 
struck  the  hour,  two  cocks  on  the  corner  of  a  small  edificef 
crowed  alternately,  clapping  their  wings;  soon  after,  two 
lateral  doors  of  the  edince  opened,  at  which  appeared  two 
figures  bearing  cymbals,  beatupon  by  a  kind  of  guards  with 
clubs.  When  these  figures  had  retired,  the  centre  door  was 
thrown  open,  and  a  pedestal,  supporting  an  equestrian  statui 
of  Louis  iQV.,  issued  bom  it,  while  a  group  of  clouds  separate 
i&g,  gave  a  passage  to  a  figure  of  Fame,  which  came  and 
hovered  over  the  stattie.  An  air  was  then  performed  by  bells  a 
after  which  the  two  figures  reentered,  the  two  guards  raised 
up  their  clubs,  which  they  had  lowered  as  if  out  of  respect  to 
the  presence  of  the  king,  and  the  hour  was  then  struck^ 

While^  however,  we  have  thought  it  right  to  describe  thesd 
ingenious  performances  of  foreign  atrtists,  we  must  not  neeleci 
to  mention  the  equally  ingenious  workmanship  of  some  of  our 
own  countrymen.  We  now  refer  to  two  clocks  made  by 
English  artists,  as  a  present  firom  th6  East  India  Company  to 
the  Emperor  of  China.  .  These  two  clocks  are  in  the  form  of 
chariots,  in  each  of  which  a  lady  is  placed  in  a  fine  attitude^ 
ktoing  her  right  hand  upon  a  part  of  the  charioty  undeif  which 
appears  a  clock  of  curious  workmanship,  little  lafger  than  a 
sbiUing,  which  strikes  and  repeats,  and  goes  foi^  eight  days. 
Upon  ^e  lady's  finger  sits  a  bird,  &iely  modelled  and  set 
with  diamonds  and  rubies,  with  its  wings  expanded  in  a  flying 
posture',  and  which  actually  flutters  for  a  considerable  time  by 
touching  a  diamond  button  below  it ;  the  body  of  the  bird,  in 
which  are  contained  the  wheels  that  animate  it  as  it  were,  it 
lesv  than  the  16th  part  (^  an  inch.    The  lady  holds  iol  htm 
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feft  hand  a  gcdden  tube,  littk  thicker  tfaaa  a  Urge  jky  tm 
the  top  of  which  is  a  small  round  box,  to  which  is  fixed  i 
circular  omami'nt  not  larger  than  a  sixpence,  set  with  dis- 
monds,  which  goes  round  in  or  near  three  hours  in  constant 
regular  motion.  Over  the  lady's  head  is  a  double  umbrdli) 
supported  by  a  small  fluted  pillar  the  size  of  a  quill,  and 
tinder  the  larger  of  which  a  bell  is  fixed,  at  a  conside^ 
able  distance  from  the  dock,  with  which  ft  seems  to  hate 
no  connection,  but  from  which  a  communication  is  secietlj 
conveyed  to  a  hammer  that  r^ularly  strikes  the  hour,  and 
repeats  the  same  at  pleasure,  by  touching  a  dianumd  buttoa 
fixed  to  the  clodc  below.  At  the  feet  of  Uie  lady  is  a  goldei 
dog. 

In  a  work  like  the  present,  however  we  may  wish  to  porroe 
tSiis  interesting  subject  through  its  progressive  steps  (A  im* 

Jrovement,  and  to  do  justice  to  the  numerous  scientific  and 
igenious  men  who  have  from  time  to  time  effected  tiioEe 
improvements,  we  are  compelled  to  confine  ourselves  witkm 
certain  limits,  which  preclude  us  from  entering  more  hSj 
into  detul  in  this  article ;  w«  therefore  refer  s:uch  of  oar 
readers,  who  wish  to  pursue  th^  subject,  to  the  catalogue  of 
writings  in  Dr.  Young's  Natural  Philosophy, 

We  shall  next  proceed  to  ^ve  a  descnption  of  the  mecha- 
nism of  an  ordinary  watdi,  and  to  atfnex  thereto  a  ta^ai  set 
^tables,  published  originally  by  Mr,  W.  Stirt. 

WATCHES. 

Figure  501  represents  the  interior  works  of  an  ordinary  watdi  with  tie 
erown-wbeel  escapement,  as  they  remmin  on  the  piy  ar-plate  wliea  the  uppct 
part  of  the  frame,  shown  bv  fig.  505,  is  nflphmtd  and  remored ;  aad  fig.  501* 
whkh  is  a  section  of  the  whole  fi^ame  and  itaooDtentSy  shows  th«  oonnectioa 
of  all  the  parts,  as  though  the  calliper  were  in  one  right  line.  These  two 
figures,  by  having  the  same  letters  of  reference,  mutually  explain  each  other. 
Tae  m&tbspring  which  actuates  all  the  "vtheds  and  pimons,  diat  are  csBeJ, 
ih  one  general  term,  the  movement,  is  contained  in  the  civenlar  ,box  i^  aeai 
in  the  dtfferent  vitws  in  the  separate  figs.  501,  502,  and  508,  in  the  last  «f 
which  its  parts  are  given  in  a  detached  state,  vis.  the  box ;  the  relazedspnsf 
immediately  above  lying  in  a  spiral  form ;  the  arbor  with  its  pin,  on  whick 
the  interior  end  of  the  spring  is  hooked,  and  the  lid  throush  whidi  thi 
pivot  of  the  arbor  penetrates;  Siis  spring  b  forced  into  the  box  by  a  tod  oe 
mrpose^hen  it  is  strong;  and  then  the  exterior  ead  is  hooked  to  a  pin  ift 
niedieularedgeofthebox,  so  that  if  the  box  is  made  to  turn  roimdwUt 
the  arbor  is  held  fiwt,  the  spring  b^ns  to  coil  at  the  centre,  and  is  thereby 
•aid  to  be  wound  up.  The  same  efl^  would  be  produced  if  the  box  wcrs 
fteld  &st,  and  the  arbor  only  were  turned ;  but  in  the  latter  case  the  chats, 
which  requires  to  be  uncoiled  from  the  spring-box  as  this  spriag  is  wound  ap» 
mold  vemain unmoved;  it  is  necessaiy  therefbit  that  &t  box  be  tamd 
whilotiM  trborisat  res^  which  is  thm  ^fected ;  out  end  of  the  Amm 
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ivlto  tUaid*  ofUit  tpnog-lKN^  and  tha  other  to  tUfbtM^ytatr 
being  coiled  several  times  round  the  circumferenee  of  the  box;  then  as  the 
square  end  of  the  spring-box  arbor  is  held  Vy  the  small  ratchet  and  dick 
e,  seen  on  the  reversed  fiice  of  the  piDar-plate  in  ^.  507,  so  that  it  cannot 
molve,  it  is  obvious  that  inserting  akejr  on  ^b  square  of  the  fusee  arbor, 
and  tominc  it  in  a  proper  direction,  will  wind  the  chain  upon  the  spiral 
groove  of  the  lusee,  while  it  is  unwound  firom  the  box ;  and  during  this 
operation,  the  spring  will  be  coiled  up  to  the  centre  of  the  box,  or  put  into  its 
state  of  greatest  tension  for  pulling  the  lusee  back  again.  The  rapid  motion 
which  the  fusee  would  have  in  a  retrograde  direction  when  pulled  by  the 
whole  force  of  the  coiled  snring,  is  prevented  by  the  train  of  wheeV-woik  and 
balance,  Uius :  the  gre^  w&eel  d  is  not  fast  to  the  thick  end  of  the  fusee,  as 
appears  in  the  drawings,  but  carries  a  click  and  dick-spring  Zf  as  seen  in 
fig.  503,  while  the  ratchet>wheel,  seen  in  fig.  504,  is  made  f^  to  the  tuee; 
the  consequence  of  which  contrivance  is,  that  while  a  key  applied  to  the 
fusee  ariwr  winds  up  the  watch  and  fills  the  fbsee  groove  with  the  chau^ 
until  the  guard  driven  by  it  catches  the  beak  at  the  small  end  of  the  fiisee,  the 
click,  in  fig.  503,  slides  over  the  teeth  of  the  ratchet  in  fig.  504,  without  acting 
on  them,  and  thus  leaves  the  g^eat  wheel  d  at  rest,  in  connection  with  the 
pinion  e  on  the  centre  or  minute  wheel  arbor;  but  when  the  spring  acts  on 
the  fusee  in  a  coptraiy  direction,  the  click  attadied  to  the  great  wheel  ii 
laid  hold  of  by  the  tee&of  the  ratchet,  which  thus  makes  it  fii^t  to  the  end 
of  the  (usee;  or  in  o|her  words,  until  the  spring  wants  vrinding  up  again, 
which  usually  happens  once  in  28  or  30  hours ;  but  it  is  commonly  wound 
up  once  in  24  hours  more  or  less.  The  action  of  the  great  wheel  <^  on  the 
pmion  #,  is  that  of  a  long  lever  driving  a  short  one;  or  this  whed  may  bt 
said  to  act  under  a  mechanical  disadvantage,  when  an  increase  of  vdodty^ 
but  a  loss  of  power,  is  experienced  by  the  pinion ;  again,  on  the  same  cen«> 
tral  arbor  of  this  pinion  e  is  rivetted  the  centre  whed^  ^ch  revolves  in  an 
exact  hour,  as  we  shall  see  presently,  and  this  wheel  drives  the  pinion  g, 
on  the  arbor  of  the  third  wheel  h,  also  with  a  medianical  disadvantage,  m 
the  force  it  imparts  to  the  pinion  I,  on  the  arbor  of  the  contrate  WMd,  is 
a^am  diminished  in  the  ratio  of  the  diameter  of  the  wheel  to  that  ^  its 
pmion;  thus  the  force  of  the  mainspring  is  continually  diminishing,  as  it  is 
transmitted  through  the  train,  and  when  the  contrate  wheel  comes  to  be 
actuated,  it  has  just  force  enough  to  drive  the  horizontal  pinion  on  the 
balance  wheel  /,  so  that  the  altamate  impulse  given  by  its  teeth  to  the  pal- 
lets of  the  balance  verge  are  just  suffident  to  perpetuate  the  oscillation  ftom 
right  to  left,  under  all  the  obstacles  of  friction,  dirt,  wear,  uid  the  air't 
resistance.  It  is  a  curious  fact  that  the  crown-wheel  escapement,  though  the 
oldest  that  we  know  oi^  is  still  the  most  in  use  in  common  watches,  probably 
ftom  the  fecility  with  which  it  is  constructed ;  for  certainly  it  is  more  under 
the  influence  of  the  irregularities  of  the  mainspring's  force  than  any  other 
iscapement.  The  properties  and  action  of  this  escapement  have  beat 
Bunutdy  explained  m  page  516  of  the  article  Escapement,  with  reference 
to  fig.  523,  to  which  explanation  and  figure  we  request  our  reader's 
Ittention. 

In  ordtf  that  the  force  s^Ued  to  pallets  of  the  verge  ^ 
each  oscillation  may  not  sensibly  varv,  it  was  found  necessarjr 
to  equa&te,  as  much  as  possible,  the  variable  forces  of  the 
midnspring  in  its  different  states  ot  tension ;  and  the  most 
t»Tactical  way  of  doing  this  has  been  found,  to  convert  the 
cylinder  on  the  arbor  of  the  great  wheel,  which  would  havft 
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been  proper  for  a  gravitatiDg  body,  used  as  a  maintaiwiag 
power,  injto  a  figure  of  a  parabolic  form,  that  is^  into  a  dnMy 
generated  by  the  revolution  of  a  parabola,  in  order  that,  as 
Sie  force  of  the  spring  becomes  greater  by  increased  te^iuon, 
its  action  on  the  great  wheel  might  be  lessened  in  a  amilar 
proportion,  by  a  gradual  decrease  of  the  radius  of  the  fiisee, 
round  which  the  chain  is  wound^  to  impart  the  force  thus 
modified.  Every  separate  spring,  therefore,  ha^  hot  only  its 
average  force  proportioned  to  t^e  badance  it  is  destined  to 
actuate,  when  dh;^ished  by  transmission  through  a  givo 
train,  but  f^quires  its  scale  of  varving  forces  to  be.  nicefy 
counteracted  in  every  degree  of  tension  bv  the  shape  of  tl^ 
fusee  I  and  this  is  done  by  means  of  a  tool,  called  a  fusee  a^ 
justing  tool,  which  is  nothing  more  than  a  lever  with  a  slidiif 
weight,  attached  to  the  square  end  of  the  fiisee  arbor,  as  m 
presented  in  fig,  509 ;  for  when  the  weight  on  the  lever  is 
an  exact  counterpoise  to  the  force  of  the  mainspring  in  evciy 
part  of  the  successive  revolutions  of  the  fusee,  as  the  spring  is 
wound  up  by  the  lever  instead  of  a  kev,  then  the  shape  of  the 
fusee  is  proper,  but  not  otherwise.  Hence,  whenever  anew 
paainspring  is  put  to  ^  w^tch,  the  fusee  ought  to  be  adjusted 
in  the  fusee  engine  accordinjBf  as  the  adjusting  tool  determines. 
The  comparative  forces  of  tbe  spring  at  tiie  extreme  ends 
of  the  fiisee  may  be  adjusted  by  the  sniall  ratchet  c,  on  the 
back  of  the  pillar-plate  in  fig.  5Q7,  but  when  the  spring  is  pot 
to  a  suitable  degree  of  tensioa  to  act  well  at  both  extremities 
of  the  fiisee,  it  must  not  be  altered  by  the  ratches'  dick,  bat 
the  intermediate  forces  must  be  equalized  by  a  due  shape 
given  tp  th^  fiisee.  We  have  insisted  the  more  on  this  part 
of  the  mechanism  being  attended  to,  because,  as  the  primatm 
mobile,  it  is  the  basis  of  all  other  motions.  Tlie  number  d 
rounds  that  the  spiral  of  the  parabolic  fiisee  may  be  cut  into 
depends  on  the  length  of  the  pillars  of  the  frame,  or,  which  is 
the  ^ame  thing,  ^e  shallowness  of  the  watch.  Th^  French 
frequenUy  leave  out  the  fusee,  and  attempt  to  equalize  the 
forces  of  the  mainspring  by  tapering  it ;  and  with  detadied 
escapements,  this  mode  may  sometimes  answer  tolerably,  hot 
with  the  crown-wheel  escapement  a  fiisee  is  indispensable. 
Again,  the  number  of  teeth  in  the  great  wheel,  and  in  tne  centre 
ninion,  depends  on  the  number  of  rounds  in  the  spiral  of  the 
Jii9ee. 

In  a  thirty-hours'  watch,  with  six  turns  of  the  lusee,  the  great  wheel  nnat 
have  V  or  five  times  as  many  teeth  as  the  centre  jpinion ;  so  that  if  this  to 
mz  leaves,  the  wheel  must  have  5  x  6  «*  30  teeth ;  but  if  eight,  then  5  x  8  »  40; 
if  the  8pi]nai  has  seven  tums^  the  great  wheel  4B,  and  the  pinion  12,  then  ^ 
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I  of  going  wUl  be  ;|kT»28  houvs ;  also,  if  then  be  H  jtoinfl  on  th* 
IbMe,  50  te^  in  the  whefBl,  and  10  leaves  in  the  piuion,  ^e  period  of 
^oing  will  1^  27^  houn,  or  ^x5§«>5x5is27§;  but  if  24  hpurs  only 
,w&re  required  as  &e  period,  with  six  turns  and  a  pinion  of  12;  the  great 
Trheel  would  be  required  to  hare  48. 

Thus  when  an  alteration  is  made  in  either  the  pinion,  the 
wheels  or  the  turns  in  the  fusee,  a  corresponding  variation 
may  be  made  in  the  others,  to  produce  the  same  period  of 

f;oing;,  .but  still  the  centre  wheel  revolves  once  in  an  hour. 
n  the  commonest  watches  the  pinions  have  only  six  leaves 
ieach,  winch  dp  not  act  sp  well  as  pinions  of  higher  numbers ; 
but  in  the  i^st  watqhes,  .and  in  all  chronometei:Sj  jtbe  leaves 
.and  teeth  are  mpre  numerous.  T^  pivot-holes,  particularly 
.of  the  verge  and  escapement  arbor,  have  jewels  for  the  purr 
pose  of  diminishing  the  friction,  in  the  best  watches ;  but  de- 
tached and  remontoire  escapements  are  the  best  correctives  of 
the  unequal  impulses  given  through  the  medium  of  the  train 
in  the  different  states  (d  its  foulness. 

Tbe  potence  m,  and  small  or  counter  potence  n,  that  hold  the  pirots  of 
the  balance-wheel,  are  small  codks  seen  in  fig.  502,  both  in  their  attached 
and  detached  states,  and  are  screwed  to  the  top  or  upper  plate  within  the 
frame ;  but  the  sprines,  buttons,  and  joints  of  the  case,  are  not  exhibited, 
as  forming  no  part  of  the  movement.  Fig.  505  represents  the  outer  hce  of 
the  upper  plate,  widi  the  balance  p,  the  cock  o,  and  balance-spring  #,  called 
the  pendulum-ispring,  from  its  haying  the  properties  of  the  pendulum;  by 
ineans  of  this  spring,  not  only  is  the  regulation  made  steady,  out  the  adjust- 
ment for  time  is  effected.  In  every  balance-spring  there  is  a  certain  length, 
to  be  taken  as  the  effective  lengtl\,  by  which  the  going  of  the  watch  to 
which,  it  is  applied  is  limited  to  exact  performance ;  and  when  this  length 
it  determinea  by  experiment,  a  pin  is  put  in.  the  sU|d  that  holds  the  extenor 
ends,  as  at  4,  in  fie.  505,  to  prevent  its  being  altered ;  but  as  the  variation 
of.^einperature,wiiralter  the  momentum  of  the  moving-balance,  the  eflect 
ILherebv  produced  is  a  loss  of  time  in  the  rate,  in  hot  weather,  and  a  gain 
in  cold  weather,  by  an  alternate  increase  and  decrease  in  the  dimensions  of 
the  balance  itself^  as  well  as  by  some  alteration  in  the  spring.  To  remedy 
this  defect,  in  an  ordinary  watdi,  the  contrivance  shovni  in  fig.  506  is  intro- 
duced ;  the  wheel  t  is  placed  under  the  graduated  circle  r,  seen  in  fig.  505, 
and  a  circular  rack  a,  -fig.  506,  that  holqs  the  curb  or  slit-piece  5,  seen  in 
iMih -figures,  is  moved  by  a  sliding  motion  given  to  it,  when  a  key  is  applied 
to  Uie  squared  arbor  of  the  figure  circle,  and  thus  the  effective  length  of  the 
spiral  spring  is  limited  by  the  position  of  the  curb  5 ;  and  according  as  the 
key  is  turned  forwards  or  backwards,  tovrards  the  words  'fest'  or  '  slow' 
engraved  on  the  cock,  the  shortened  or  lengthened  spring  alters  the  rate  of 
going,  till  the  proper  length  is  found  that  suits  the  season  in  question. 

In  Harrison's  ^me-piece  the  cuifo  was  moved  by  an  expan- 
sion-lever of  two  metals,  tiiat  acted  by  means  x>f  the  change 
jof  temperature ;  but  in  the  best  chronometers  of  more  recent 
dates,  the  compensating  levers  constitute  the  three  portions 
Into  which  the  rim  of  the  balance  is  divided,  and  the  adjust^ 
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■lent  for  titte,  at  welt  m  compmunlion  for  tempentoie^  ait 
by  means  of  heayy  screws,  which  form  a  part  of  tiie  moraig 
balance.  In  these  more  perfect  machines,  the  length  of  the 
spring,  which  is  now  made  helical  or  cylindrical,  is  fiiat 
determined  soch^  that  the  long  and  short  vibrations  are  per* 
formed  in  the  same  time,  and  this  is  called  the  isochronal 
lengUiSy  which  is  not  afterwards  altered  by  subsequent  a4ius&- 
ments. 

Hw  last  pordoA  of  the  watch  which  dtmaodi  our  ezplanation  is  the  dtal- 
worky  for  fm)duciiig  the  hours  and  mioutes;  this  will  be  easily  nttdentnod 
hj  reference  to  figs.  502  and  507.    When  the  jttnion  called  the  cftnooD> 

Smion,  seen  near  the  minute-hand  in  &g,  502,  is  inserted  on  the  aibor  d 
le  hour  or  centre  wheel,  to  which  it  fits  rather  tight  by  fiiction,  it  revoh* 
tiierewith  in  an  hoar,  and  recaves  the  minnte  or  hour  hand  on  its  protradiBi 
squared  end;  then  this  pinion  drives  the  wheel «  round  astud  on  the  pill» 
plate,  and  with  it  a  pinion  w  made  fast  to  its  centre;  which  pinion  agaa 
drives  a  second  wheel,  v,  round  the  tube  of  the  cannon-pinion  in  tn^w 
hours ;  and  to  this  the  hour-hand  is  attached.  This  diminution  of  twetft 
revolutions  from  the  cannon-pinion  to  the  houi^wheel  might  be  eflfected  hf 
ime  pinion  driving  a  single  wheel  of  twelve  times  its  number  of  teeth ;  b^ 
as  the  motion  must  be  brouffht  back  to  the  centre  of  the  dial  again,  twi 
more  wheels,  or  a  wheel  and  pinion,  are  necessary  to  be  introduced,  wai 
these  are  therefore  made  a  p«rt  of  the  train,  and  no  large  wheel  or  snaM 

r'on  is  vranted,  for  the  ratio  12 ;  1  may  be  more  conveniently  obtained 
two  foctois,  vitf.  4  :  t  and  3 :   1 ;  thus,  suppose  the  cannon-piniaB 
to  have  15  leaves,  its  wheel  may  have  4x15—60  teeth  for  wheel  s, 

60 
aad  if  wheel  v  be  the  same,  its  pinion  vrill  be  •--  a.  20,  and  the  tnia 

3 

HO     60      360      72       60      12 

TrX':rr«"-::r  "-r  or-—- •--r- or  12;  so  that  when  the  pinions  are  fiied 

15      20      30        6         5        1  *^ 

upon  for  the  dial-work,  the  wheels  are  readily  determined,  and  vice  venL 

The  following  Tables,  somewhat  differently  arranged,  weft 
published  by  W.  Stirt,  an  ingenious  balance-wheel  and  fusee 
cutter. 


A  TABLE  OF  TRAINS  FOR  WATCHES; 

Shovrinff  the  Number  of  Turns  on  the  Fusee  and  Teeth  in  the  Bahnc*- 
wheel,  vnth  the  Beats  in  an  Houf,  and  the  number  of  Seconds  in  vrh^ 
the  Contrate  or  Fourth  Wheel  revolves ;  for  the  easy  Timing  of  Watches 
by  the  Vibrations  of  the  Pendulum. 

9  Teeth  in  the  JManee^lM 


Second  wheel  58  6  TUrdwhedpSii. 

60  8 

606 

60  6 

60  6 

60  6 

646 

u\ 

Third  wheel      56  6  Contrate  pin.  •• 
Contrate  wheel  54  6  Balance  pin.  •• 

56  7 

58  6 

58  6 

60  6 

60  6 

60  6 

At 

80  6 

52  6 

56  6 

54  6 

60  6 

54  6 

mi 

Beats  14,616  in  an  hour •• 

14,400 

15,080 

16,340 

16,900 

18,000 

17;»0 

ll^iK 

Seconds  39^,  in  which  the  4thl 
wheel  revolves •••••/ 

60 

3;^ 

m 

36 

36 

331 

m 
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Imiidvbed  48  6  Third  whotl  pinloo. .. . 

04  6 

54  6 

56  7 

566 

56i 

tlikdwWel    45  6  CoBtrmte piokm 

45  6 

50  6 

45  6 

54  6 

56  6 

3oatrat6wkeel70  6  BmUooe piaioa   «.«•«. 

65  6 

60  6 

78  6 

54  6 

55  6 

Bests  15,400  in  SB  hoar «•••. 

16,087 
63i 

16,500 
48 

17,160 
60 

16,632 
42| 

17,567 
41* 

ScocMids  60,  in  which  the  4th  wheel  rerolrei 

16  6 

58  6 

58  6 

58  6 

58  7 

60  6 

60  6 

60  6 

60  6 

60  6 

606 

a  6 

54  6 

54  6 

56  6 

66  6 

50  6 

52  6 

54  6 

54  6 

54  6 

55  6 

a  6 

52  6 

54  6 

54  6 

56  6 

52  6 

52  6 

50  6 

52  6 

54  6 

52  6 

i,9n 

16^88 

17,226 

17317 

15,879 

15,888 

16,520 

16,500 

17.160 

17,820 

17,477 

m 

41* 

41i 

391 

54* 

43 

41* 

40 

40 

40 

39 

to  6 

60  7 

60  8 

60  8 

60  6 

60  8 

60  7 

62  6 

62  7 

636 

63  6 

^  6 

56  6 

567 

56  7 

60  6 

60  6 

60  7 

54  6 

58  6 

54  6 

56  - 

>0  6 

566 

74  6 

78  6 

48  6 

56  6 

60  6 

52  6- 

52  6 

50  6 

56  6 

Mil 

16^426 

16,280 

17,160 

17^3 

15,400 

16,163 

17.935 

16,324 

17,325 

17,248 

384 

40 

60 

60 

36 

48 

49 

381 

45 

38 

42* 

M  6 

646 

65  7 

70  8 

70  7 

72  8 

72  7 

80  8 

75  10 

72  9 

72  9 

^  6 

526 

62  7 

54  7 

63  7 

63  7 

64  7 

72  8 

72   9 

66  8 

60  8 

M)  6 

52  6 

59  7 

68  6 

58  7 

54  6 

5$  7 

688 

66   8 

60  6 

54  6 

;,»6 

17,625 

15,250 

16,830 

16,408 

16,035 

17,142 

16,830 

13,200 

13,200 

11,880J 

40i 

39 

434 

W» 

40 

44i 

38i 

40 

60 

66 

60 

Second  whed   48  6  lliird  wheel  pinioiii  .. 
niird  wheel     45  6  Ccmtrste  pinion 

48  6 

52  6 

54  6 

54  6 

54  6 

45  6 

52  6 

50  6 

52  6 

52  6 

Coatrsteii^eel66  6   Bslsnce  pinion  . 

ftmmtm  17.160  in  An  Imnr 

68  6 

17.680 

60 

52  6 

16,925 

46§ 

50  6 

16374 

48 

48  6 

16324 

46 

50  6 

16,900 

46 

S4  6 

54  6 

55  6 

56  7 

56  6 

56  6 

56  6 

56  6 

56  6 

^8  6 

58  6 

&26 

52  6 

51  6 

45  6 

50  6 

50  6 

52  6 

52  6 

54  6 

48  6 

50  6 

11  6 

526 

51  6 

66  6 

50  6 

51  6 

48  6 

50  6 

49  6 

52  6 

50  6 

7,238 

17,576 

17,219 

17,160 

16,851 

17,188 

16,824 

17,525 

17,836 

17,426 

17,453 

46 

46 

46* 

60 

46* 

46* 

44* 

44* 

42* 

461 

44* 

606 

60  8 

60  6 

60  6 

60  7 

60  6 

60  7 

60  8 

60  7 

60  8 

606 

48  6 

48  6 

50  6 

50  6 

54  6 

54  8 

56  7 

56  7 

58  7 

58  6 

60  7 

41  6 

66  6 

46  6 

48  6 

52  6 

60  6 

56  6 

66  6 

56  6 

56  6 

48  6 

6,640 

17,160 

16.611 

17,333 

17382 

17350 

16,640 

17,160 

17334 

17.593 

17,828 

45 

60 

43 

43 

46| 

54 

52* 

60 

50| 

49* 

42 

608 

606 

62  7 

637 

63  7 

64  7 

64  7 

648 

64  8 

657 

70  8 

606 

607 

56  7 

52  6 

60  7 

52  6 

60  7 

60  8 

64  8 

62  7 

60  7 

546 

567 

56  6 

51  6 

60  7 

50  6 

60  7 

66  6 

72  7 

58  7 

52  6 

7,550 

17,828 

17,194 

17,238 

17,191 

17.168 

17,464 

17,160 

17,115 

17317 

16,900 

48 

42 

50* 

46* 

46| 

46 

45* 

60 

56* 

43* 

48 

70  8 

72  8 

72  8 

74  8 

74  8 

75  10 

75  10 

80  10 

96  12 

96  12 

90  10 

668 

52  6 

70  8 

64  8 

68  8 

72    9 

72    9 

60    8 

75  10 

75  10 

90  10 

64  7 

52  6 

688 

637 

68  8 

70   7 

72   9 

60    8 

80   8 

88   8 

90  10 

7,160 

16,673 

17,403 

17316 

17*400 

15,600 

12.480 

15,600 

15,600 

17,160 

18364 

50 

44* 

w» 

48| 

60 

60 

60 

60 

60 

60 

44* 
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A  Tablb  or  TftAivs  fob  Watches  tanHmiii, 
15  Tfetk  im  ike  BoUmee^heeL 


aeeood  wbad  48  6  Tkiri  wheel  iiiuioB. .. . 
TUfdwlMd     45  6  Cootrmte  pinkm 

48  6 

48  6 

54  6 

54  6 

544 

45  6 

45  6 

48  6 

486 

486 

eoBtratewheel54  6  BiOamm  pinioo 

586 

60  6 

46  6 

486 

648 

BeaU  16,200  in  u  hoar 

17,400 
60 

18,000 

16,560 

17,280 

17J8I 

60 

50 

50 

» 

S46 

56  7 

56  7 

56  7 

56  6 

56  7 

586 

586 

608 

608 

m% 

50  6 

45  6 

45  iS 

46  6 

48  6 

60  « 

48  6 

50  8 

48€ 

48  6 

%i 

48  6 

56  6 

58  6 

60  6 

46  6 

60  6 

46  6 

5d6 

586 

80  6 

48( 

18,000 

16.800 

17,400 

18,000 

17,173 

18.000 

17,786 

17,520 

17,400 

18.000 

14^ 

48 

60 

60 

60 

48 

60 

461 

m 

60 

60 

m 

60  8 

60  7 

60  8 

606 

60  8 

60  6 

60    6 

60  6 

60    6 

60  10 

6f  ( 

56  7 

56  7 

56  7 

56  7 

56  7 

60  8 

60  10 

608 

60  10 

60    6 

6111 

56  7 

56  7 

58  6 

60  6 

60  7 

48  6 

48    6 

56  7 

58   6 

60    6 

(41 

14.400 

17,044 

17,400 

18,000 

15,386 

18,000 

14,400 

18.000 

17,400 

18,000 

14,«l 

60 

52§ 

60 

6» 

60 

48 

60 

48 

60 

60 

« 

60  8 

60  8 

62  8 

63/ 
54  7 

63  7 

64  8 

64  8 

64  8 

64    6 

65  7 

n  4 

64  8 

648 

60  8 

56  7 

45  6 

60  8 

60  8 

60  10 

567 

Ml« 

66r 

70  f 

606 

50  6 

56  7 

56  6 

58  6 

60  6 

70    8 

56  r 

a4 

16,974 

18,000 

17,437 

17,3^ 

17.280 

16,800 

17,400 

18,000 

16,800 

17,828 

16^ 

60 

60 

611 

Mi 

50 

60 

60 

60 

56i 

48J 

5il 

70    7 

70  8 

70  8 

70  10 

72    6 

72  8 

72  8 

72  8 

72  8 

75  8 

819 

60  10 

64  8 

64  8 

65    8 

60  10 

64  8 

64  8 

64  8 

65  8 

64  8 

7JJ 

70    7 

50  6 

58  7 

60    6 

48    6 

50  6 

54  7 

64  8 

64  8 

64  8 

nJ 

18,009 

17,500 

17,400 

17.062 

17,280 

18,0001 

16,662 

17,280 

17,550 

18.000 

17;» 

^ 

5J» 

51t 

561 

50 

50 

50 

50 

49 

48 

M 

17  Teeth  m  the  Baknce^wheeL 

Second  wheel   48  6 
Third  wheel     45  6 
Contrate  wheel  50  6 
Beau  17,000  in  an 
Second!  60,  in  whic 

Third  wheel  pinion . . . , 
Contrate  pinion  •  •  • .  •  ^ 

Balance  pinion    

hour  •••••••••••••••• 

56  7 

45  6 

53  6 

18.0?0 

50 

60  8 

56  7 

52  6 

17.828 

60 

64  8 

60  8 

60  7 

17,485 

60 

:h  the  4th  wheel  revolres 

o.w.    «.w.p^  T.N.«. 
48        10        6i 
50        10        6 
52        10        H 

54  10        5| 

55  10        9A. 

56  n      4 

58        10        5i 

o.w.     8.W.F.  T.W.S. 

60        10        5 
62        10        44 
64        10        4} 
48        12        7i 
50        12        7| 
52        12        6U 
54        12        6| 

o.w. 
55 
56 
58 
60 
62 
64 

f,w.p. 
12 
12 
12 
12 
12 
12 

r.w.t. 

r 
.1 

If  we  divide  doable  the  product  of  all  the  (bur  wheels  by  the  product  of 
1^1  the  three  pinions,  the  quotient  will  be  the  number  of  beits,  as  given  in 
any  of  the  trains  contained  in  this  table ;  also,  if  we  take  the  second  and 
third  wheels,  and  their  pinions  respectively,  as  a  compound  fraction  of  an 
hour,  they  will  give  the  seconds  in  which  tte  contrate-wheel,  attached  to  the 
latter  pinion, will  revolve :  thus,  o^^  '-*'  -'-  ^^  «'>•    i  •  r.-  60»,  which  mimbera 


Digitized 


by  Google 


Aid>  MAeiBi»fr,  60f 

lie  consequently  praper  iar  «  watch  that  indicates  the  seconds ;  and  if  the- 
leais  he  l&OOO,  or  14,400,  there  will  be  five  or  four  beats  respectively  in 
k  second,  which  are  the  best  trains  for  measuring  firactional  parts  of  a  second, 

CHRONOMBTBR8. 

Chronombtbrs  differ  from  an  ordinary  watch  principally  in 
he  escapement  and  balance.  These  machines  deserve  more 
ban  usual  attention,  as  well  from  their  practical  utility  in 
kavigation,  as  from  the  principles  on  which  they  are  con- 
Ixucted,  in  which  the  irregular  forces  both  of  impulse  and' 
esistance  are  greatly  diminished  by  the  exactness  of  form 
ind  dimension. 

In  the  reign  of  queen  Anne,  the  British  parliament  passed 
m  act,  offering  a  rew^d  of  10,000/.  for  any  method  of 
letermimng  the  longitude  within  the  accuracy  of  one  degree 
i)f  a  great  circle;  of  15,000/.  within  the  limit  of  forty^ 
[geographical  miles ;  and  of  20,000/.  within  the  limit  of  thirty 
inch  nules,  or  half  of  a  degree ;  provided  such  method  should 
extend  more  than  eighty  miles  from  the  coast.  The  hope 
yf  objtaining  this  reward  stimulated  a  watch-maker  named 
Harrison  to  be  indefatigable  in  his  endeavours  to  effect  the 
*equired  improvement,  which  eventually  led  him  to  apply 
;he  principle  of  the  apposite  expansions  of  different  metals 
:o  a  watch  to  effect  a  self-r^ulating  curb,  for  limiting  the 
effective  length  of  the  spiral  penduliun-spring  to  correspond 
JO  the  successive  changes  of  heat  and  cold,  which  clumgea 
^ere  now  known  to  alter  the  force  of  this  spring,  and  tihe 
momentum  of  the  balance. 

After  Harrison  had  by  his  industry  and  perseverance  ob- 
adned  the  large  reward,  the  act  was  repealed,  and  anothes 
mbstitoted,  offering  separate  rewards  to  any  person  who 
should  invent  a  practicable  method  of  determining,  within 
ijrcumscribed  limits,  the  longitude  of  a  ship  at  sea ;  for  a 
dme-keeper,  the  reward  held  forth  to  the  public  is  5,000/. 
for  determining  the  longitude  to  or  within  one  degree; 
JfiOOl.  for  determining  the  same  to  forty  geographical  miles  | 
ind  10,000/.  for  a  determination  at  or  within  half  a  degree. 
Fhis  act,  notwithstanding  its  abridged  limits  and  diminished 
reward,  has  produced  several  candidates;  of  whom  Mudge, 
the  two  Arnolds,  and  Eamshaw,  have  had  their  labours 
crowned  with  partial  success. 

Although,  in  respect  to  Mudge's  time^keeper,  great  ex- 
pectations were  at  first  raised,  it  has,  from  the  complexity 
of  the  maclunery,  and  consequent  expense  attendant  upon 
making  it,  gradually  fallen  into  disrepute,  and  is  now  seldom 
or  ever  made.    Such  of  our  readers  who  wish  to  see  itn 
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maniidr  of  eonlniodon  and  pnknMoeitf  we  mnit  voter  l» 
<«  The  Description  of  Mr.  Madge's  Time-keeper/*  pabBiltd 
in  1799^  hy  Thomas  Mudge,  jon. 

The  chronometer  we  purpose  to  lay  before  our  readen  11 
that  toBstructed  by  Mr.  Eamsbaw,  as  we  are  stroo^  dBf- 
posed  to  conclude,  from  Tarioua  documenta  we  hare  seeo^ 
and  from  the  simihrity  so  evident  in  the  cooatmction  of  Che 
eacapement,  that  Mr.  Arnold  deared  the  knowledge  of  k» 
principle  from  Mr.  Eamahaw. 

In  Mr.Eamshaw's  chronometer  the  escapement  is  detail 
which  is  the  best  for  the  equal  measurement  of  time,  beevM 
the  Tibrations  of  the  balance  are  free  from  the  frietioB  <rftk 
wheels^  eiccepting  about  one-twdfth  paii  of  the  cirole,  wUi 
the  scape-wheel  is  acting  on  the  pallet  to  keep  up  the  motk 
of  the  balance,  which  is  done  with  considerably  more  pow 
and  less  friction  than  by  any  other  escapement,  as  it  recdyei 
but  one  blow  from  the  wheel,  whilst  other  escapements  reonvi 
two;  it  has  also  an  equal  advantage  of  the  same  quickneiiol 
train,  and  when  the  impulse  is  given  to  the  balance  b^  thi 
wheel,  it  is  g^ven  in  a  similar  direction,  and  not  in  oppositios, 
as  most  escapements  are  which  produce  a  recoil. 

The  pivots  of  the  balanee^azis  should  be  the 
sise  of  the  verge-pivots  of  a  good  sized  pocket- 
watch,  and  of  the  annexed  shape,  which  will  greatly 
add  to  their  strengtii^  the  extreme  end,  or  acting 
part,  only  being  stedght;  the  jewel-hole  diould  be 
as  shallow  as  possible,  so  as  not  to  endanger  catting 
the  pivot,  and  the  part  of  the  action  of  the  hole  made  qnitt 
back,  with  only  a  very  shallow  diamber  bdiind  to  rHain  tin 
oil;  deep  holes  are  very  bad,  for  when  the  oil  beeoaiei 
^utinous,  it  will  make  the  pivots  stick,  so  as  to  preventtbt 
balance  from  its  usual  vibration.  The  pallet  should  be  Uf 
the  diameter  of  the  wheel,  or  a  littie  hager,  for  if  smaller,  0 
pne*foarth  the  diameter,  as  is  the  case  in  Arnold's,  tki 
wheel  wiU  have  too  mudi  action  on  it,  which  will  incrM 
friction  most  considerably,  and  likewise  cause  the  balance  t9 
sw^ng  so  much  fieurther  to  dear  the  wheel ;  eoasequestif) 
a  check  in  the  motion  of  the  balance  may  stop  the  watcki 
and  cause  time-keepers  so  constructed  to  stqp.  The  free  li 
the  pallet  should  run  in  a  line  of  equd  distance  betweeo  4h( 
centre  of  the  pallet  and  its  extremity,  and  not  in  a  right  lioe 
to  its  centre,  as  this  causes  an  increase  of  finction,  and  a  la« 
«f  that  power  which  is  obtained  by  the  wheel,  acting  oa  the 
extremity  of  the  pallet.  The  scape-whed  teelh  should  fan 
the  same  direction  as  the  &ce  ef  die  pallet,  nnder-catiff 
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Ike  purpoae  of  armdiiig  frictkm^  and  raaintainiDg  the  power, 
and  for  safe  unlocking.  The  points  of  the  wheel*teeth  must 
not  be  rounded  ofiF,  but  left  as  sharp  as  possible.  The  pivots 
9t  the  scape-wheel  are  to  be  a  very  little  larger  than  tl^ 
hshace^piFots. 
The  wheel  is  locked  by  a  spring,  instead  of  a  detent  with 

C'vots,  as  the  Fr^ich  have  made  them ;  for  those  pivots  must 
kve  oil,  and  when  the  oil  thickens,  the  spring  of  the  pivots 
detents  become  so  affected  by  it,  as  to  prevent  the  detent 
from  frdling  into  the  wheel  quick  enough,  which  causes  irre* 
gobtf  time,  and  ultimately  a  st<q^age  of  the  waftch. 

When  the  spring  b  planted  on  the  side  <^  the  wheel,  the 
part  on  which  the  vH^  rests  should  be  a  little  short  of  a 
right  angle,  so  that  the  wheel  may  have  a  tendency  to  draw 
the  spring  into  it ;  fcnr  if  sloped  the  other  way,  or  beyond 
a  right  angle,  it  will  have  a  tendency  to  pudi  the  *P>og  out, 
in  which  case  the  wheel  will  have  liberty  to  run.  llie  wheel 
shoidd  take  no  more  hold  on  the  spring  than  just  sufficieAt 
to  stop  it»  otherwise  ^e  friction  vrill  be  increased.  TUm 
small  return-spring  should  be  as  thin  as  possible  at  the  end 
fasioied  to  the  otbet  spring,  but  at  tte  outer  «nd  a  little 
thicker;  the  spring  diomd  be  planted  down  as  close  to  the 
wheel  as  to  be  Just  free  of  it :  the  dischai^iiig  pallet  about 
ooe-tfaifd^  or  near  one-half  the  me  of  the  large  or  main 
pallet,  the  face  of  it  in  a  rij^  line  to  the  centre,  the  back  of 
It  a  Uttle  roundk^  off  from  the  centre.  Great  care  mmsl 
be  used,  in  taking  off  the  edges  of  this  discharging  piece  to 
aaake  it  rounds  to  prevent  cutting  the  spring,  nor  can  it  be 
HiAde  too  thin,  provided  it  does  not  cut;  the  end  of  it  nearest 
the  balance  should  be  a  little  more  out  from  the  centre  of  the 
balance-aais  than  the  lower  part  of  it  towards  the  potence, 
for  counteracting  the  natural  tendency  of  the  sjnring  down«* 
wards  from  the  pressure  of  the  scape-wbed ;  and  tiiat  part 
ot  the  spring  on  which  the  wheel  rests  should  be  doped  a 
little  down,  to  give  the  wheel  a  tendency  to  force  it  up,  to 
ootntaract  the  natural  indination  which  the  wheel  has  to 
draw  it  down  bv  its  pressure  on  it. 

The  balance  is  to  be  made  of  the  best  steel,  and  turned  from 
itaowB  eentreto  the  proper  «ze^  and  then  put  ivtoa  crucible 
with  as  nmch  of  the  best  brass  as  wHl,  when  melted,  cover  it. 
Thm  bnss  will  adhere  to  the  steel,  and  when  set,  is  to  be 
twnrd  to  its  proper  thickness,  ami  hollowed  out,  so  as  to 
leave  the  steel  rim  about  the  thidroess  of  a  rcpeating-spring 
to  a  smdl  daed  r^eadngwrnttch.  The  bvass  is  to  be  turned 
to  mar  twice  or  three  tunes  dtt  thickness  of  the  steely  cvpm 
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H  out  wiih  only  one  arm  straigbt  across  the  centre,  and  af 
each  end  of  the  arm  fix  two  screws,  opposite  to  each  other, 
through  the  rim  of  the  balance,  to  regulate  the  watch  to  time. 
The  diameter  of  the  heads  ef  these  screws  must  be  abooi 
equal  to  the  thickness  of  the  balance,  a  little  more  or  less  is 
not  material.    The  compensation-weights  should  be  made  of 
the  best  brass^  aiid  well  hammered,  and  a  groove  turned  to  let 
the  rim  of  the  balance  into  it ;  this  should  be  cut  into  fofir- 
teen  equal  parts,  which  wiH  leave  seven  pair  of  pieces  rf 
equal  size  and  weisht,  one  of  which  pair,  being  screwed  cb 
the  rim  of  the  btuance  at  equal  distances,  will  produce  m 
equilibrium.    In  making  balances,  great  care' must  be  tako 
that  they  get  no  bruises  or  bendings ;  for  if  a  bruise  be  made  a 
one  side  so  as  to  indent  the  metal,  that  part  will  be  less  afiectei 
by  the  atmospheric  agency  of  heatt  and  cold  than  those  pazli 
whose  pores  have  not  been  closed  by  the  same  violence. 

Balances  are  likewise  spoiled  by  bending  the  comp^isatioo- 
pieces,  as  bending  cracks  and  destroys  the  compact  body  of 
the  metal.  The  soldering  up  those  cracks  with  a  metal  very 
different  In  expansion  to  the  metal  cracked  is  hurtfiil,  as  it  il 
not  then  possible  to  bend  the  compensation-pieces  into  t 
true  circle,  in  which  case  they  form  so  many  parts  of  diftrent 
circles,  that  nothing  regular  can  be  produced. 

To  a^ust  the  balance  in  heat  and  cold,  pttt  the  watdi  into 
about  85  or  90  degrees  of  heat  by  the  common  thermometer, 
mark  down  exacdy  how  mudh  it  gains  or  loses  in  tweive 
hours,  then  put  it  into  as  severe  a  cold  as  voa  can  get  far 
twelve  hours  ;  and  if  it  gain  one  minute  more  m  twelve  honn 
in  cold  than  in  heat^  move  the  compensation-treights  iaitber 
from  the  arm  of  the  balance  aboi^t  one-eighth  of  an  ioch ) 
and  if  it  gain  one  minute  more  in  twelve  hours  in  heat  thn 
in  cold,  move  the  weights  one^ighth  of  an  inch  neanr  to  the 
arm  of  the  balance,  and  so  on  in  like  proportion^  trying  i 
again  and  again,  till  you  find  the  watch  go  liie  same  in  wbt* 
ever  change  of  heat  or  cold  you  put  it  in. 

Mr.  Eamshaw  has  found  out  a  method  of  obviating  dii 
difficulties  attendant  in  making  time-keepers  go  nearly  the 
same  in  whatever  position  they  might  be  put.  It  merdf 
consists  in  having  the  balance^^sprtng  well  and  properly  nukkj 
but  if  the  spring  be  made  as  herei3ter  described,  it  only  re- 
quires that  tne  balance  should  be  of  equal  weight,  and  it  irffl 
go,  within  a  few  seconds  per  day,  in  sdl  positions  alike ;  w&i 
if  it  vibrate  not  more  than  1^  ckde,  wiU,  b^  &pp']^  * 
small  weight  to  that  part  of.  the  balance  which  is  dowmram 
irhen  in  ^e  position  that  it  loses  most,  corr«ct  it  with  gral 
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fcecQiacy.  If  it  vibrate  more  than  1^  circle^  it  will  require 
the  weight  to  be  above,  instead  of  below ;  and  after  the  watch 
has  been  ^iug  a  few  months,  and  its  vibrations  shorten  to 
1^  circle^  it  will  go  worse  and  worse  by  reason  of  the  weight 
bemff  in  the  wrong  place ;  thereforey  to  avoid  this  evil,  it  ia 
absoTately  necessary  to  confine  the  vibrations  to  I^  circle, 
which  wul  produce  the  most  steady  performance. 

The  greatest  difficulty  with  which  Mr.  Eamshaw  had  to 
contend  in  the  construction  of  his  chronometers  was,  to  find 
cot  the  invisible  properties  of  that  apparent  simple  part  of  the 
machine^  called  the  balance-spring.  He  found,  in  reasoning 
on  bodies,  that  watch-springs,  when  kept  constantly  in  mo- 
tion, relax  and  tire  like  the  human  frame.  In  proof  of  thisy 
let  a  watch,  that  has  been  going  a  few  months,  go  down ;  let 
it  remain  down  for  a  week  or  two,  and  then  set  it  going,  when 
it  will,  if  it  be  a  good  time-keeper,  and  not  affected  by  the 
weather,  go  some  few  seconds  per  day  faster  than  it  did  when 
it  was  let  down ;  but  it  will  again  lose  its  quickness  in  a 
gradual  manner,  gaining  less  and"  less  till  it  comes  to  ita 
former  rate.  Finding,  therefore,  that  isochronal  springs 
would  not  dOf  and  having  made  springs  of  such  shape  a» 
i^oidd  render  long  and  short  vibrations  equal  in  time,  and 
which  constantly  lost  the  longer  the  watch  went,  Mr.  Eam- 
shaw made  them  of  such  shape  as  to  gain  in  the  short 
vibrations  id>out  five  or  six  seconds  per  d^y  more  than  the 
long  ones,  which  quantity  could  only  be  found  by  long  expe-^ 
rience ;  and  the  way  he  adopted  to  prove  this,  was  to  try  the 
rate  of  the  watch  with  the  palance  vibrating  about  one-third 
of  a  circle,  then  tried  its  rate  vibrating  1}  circle ;  and  if  the 
short  vt&ratbns  went  slower  than  the  long  ones,  he  found 
that  the  watch  would  lose  in  its  rate ;  and  if  equals  it  would 
likewise  lose,  but  that  only  fronr  relaxation ;  he  found  also, 
if  it  gain  in  the  short  vibrations  more  than  five  or  six  seconds 
in  twenty-four  hours,  it  will  in  the  long  run  gain  on  its  rate ; 
but  if  not  more  than  that  quantity,  and  the  time-keeper  is 
perfect  in  heat  and  cold  in  every  other  part,  the  aboVe  pro* 
perties  will  render  it  deserving  the  name  of  a  perfect  time- 
Keeper.  Mr.  Eamshaw  found  the  common  relaxation  of 
balance-springs  to  be  about  five  or  six  seconds  jper  day  on 
their  rates  in  the  course  of  a  year}  therefore,  if  the  short 
vibrations  are  made  by  the  stiape  of  the  spring  to  go  abouti 
that  quantity  faster  than  the  long  ones,  and  as  the  spring 
relaxes  in  going  bv  time,  so  the  watch  accumulates  in  dirt 
«Dd  thickening  of  toe  oU^  whidi  Mortens  the  vibrations^  the 
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riioit  ones  fhfOk  being  ^dcker,  oompensited  Ibr  tht  eiief 
fdazatioQ  of  the  balance-spring. 

Having  thos  given  our  readers  lir.  Eamshaw'a  prebttorf 
obaervationtt  to  t^e  Board  of  Longitude,  we  shali,  in  the  next 
place,  proceed  to  give  a  general  description  of  the  diflGeicot 
pacts  01  his  chronometer. 

Fig.  510  represents  the  time-keeper  put  toge&er. 

Fig.  511,  the  piUu^ate  from  which  the  calliper  may  he  taken;  s^tbi 
bttghtofthepUlaiB. 

Fig.  512,  the  barrel  and  main-spring;  b,  side  view  of  the  baird. 

Fig.  513,  the  fusee  and  great  wheel,  with  ratchet  to  keep  it  going  vbSC 
windmg  up ;  c,  side  view  of  fusee. 

Fig.  514,  second  wheel  and  pinion;  d,  side  'fiem  of  teoond  wlied. 

Fig.  515,  third  wheel  and  pinion ;  f,  side  riew  of  it. 

Fig.  51 6,  fi>urth  wheel  and  pinion ;  /,  side  view  of  it. 

Fiff.  517  represents  the  upper  plate,  with  the  escapement  on  it,  fioa 
whicn  the  calliper  may  be  talUn.  In  this  figure  the  draftsman  has  Mt 
placed  the  pallet  near  enough  the  wheel ;  but  this  is  of  no  eonsequenee,  ■ 
a  proper  and  eiact  draft  of  the  escapement  on  a  much  larger  scale  is  gim 
in  fig.  522 ;  the  escapement,  therefore,  is  to  be  understood  from  thatfigwc; 
this  only  shows  Uie  sizes  of  the  wheels. 

Fig.  518  represents  a  side  ?iew  of  the  scape-spring  which  locks  the  vkd 

Fig.  519,  one  of  the  brass  weights  to  be  fixei  on  the  rim  of  the  haliace 
ibr  the  oompensation  for  heat  and  oold ;  ^,  the  groove  cut  in  H  to  reoevt 
the  rim  of  the  balance.  The  rim  of  the  biJance  is  cut  through  in  two  placa 
in  opposite  directions,  as  in  fig.  510,  and  two  of  these  weights  are  to  be 
placed  on  the  balance-rim,  at  equal  distances,  as  there  represented,  tad 
rastened  by  the  screw  as  at  h.  These  weights  are  to  be  mored  backwardf 
or  ibrwanb  on  the  rim  of  the  balance,  to  make  the  watch  go  hoMt  cr 
•lower  in  heat  or  in  cold,  as  by  trial  may  be  found  necessary. 

Tif.  520  is  a  side  view  of  said  brass  weights;  ik,  the  eroove  to  neon 
the  run  of  the  balance ;  its  depth  shows  the  breadth  for  balance-ring. 

Fig.  521,  the  cylindrical  balance-spring.  The  only  ad?antage  attendifi; 
the  cylindrical  shape  is,  that  it  is  rather  easier  made,  being  a  saving  of  aboof 
onehour  of  time;  forif  the  real  body  or  form  of  the  spring  be  like  the  sbpc 
of  the  stem  of  a  feather,  or  common  writing  quifl^  it  is  of  no  oonsequact 
whether  it  be  turned  into  a  spiral  or  cylindrical  figure. 

The  model,  from  which  the  four  following  figi^  were  taken,  containb 
besides  the  parts  necessary  to  explain  the  nature  of  the  escapement,  a  bos 
enclosing  a  spring,  which,  when  wound  up,  oomnR^iioates,  by  m«aBi  d 
some  more  wheels,  a  force  to  the  balance-wnecd  sufficient,  when  the  baUKe 
is  put  in  motion,  to  keep  it  in  action  for  some  time.  These  ^H^ieels  an 
contained  between  two  brass  plates,  fostened  together  by  four  upri^  pO- 
lars.  The  uppermost  of  these  plates  is  that  which  is  represented  m  ng.  SO, 
where  PQRS  arethefour  screws  that  take  into  the  heads  of  the  four  piHsn 
abote-meiitioned,  and  connect  it  to  the  remaining  part  of  the  modsL  Iki 
plate  PQRS  contains,  however,  the  whole  of  the  parts  necessary  for  tk 
present  purpose.  The  side  of  this  plate  represented  to  view,  is  the  and«* 
most  when  uxed  in  the  model ;  so  that  the  figure  represents  this  plate  m 
taken  off,  with  the  side  next  to  the  balance  laid  upon  a  table,  and  tiit  cjt  ii 
•uppoied  to  be  placed  perpendicularly  over  it. 

a  the i^att  PQRS  it  an  openings  or  •  piece  taken  md,  wfirewiiil  If 
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TUWXYZ.    Inthisopening  the  balance-wheel  A  B  C  D,  palletMSK, 
and  pan  of  the  balance  1/  V,  are  seen.    The  balance-wheel  is  supported  by 
two  pieces  of  brass,  O  N  H,  O I ;  the  piece  O  N  H  is  screwed  to  tne  side  of 
the  plate  nearest  to  view  by  a  strong  screw,  V,  and  made  firm  by  small 
pinSy  represented  by  vvwirir;  these  pins  are  called  steady -pins ;  Uiey 
are  rivetted  hsi  into  the  supporting-piece  O  H,  and  take  into  holes  in  the 
plate  P  Q  R  S,  made  exactly  to  fit  them.    The  part  O  N  of  this  supporting- 
piece  is  supposed  to  be  raised  abore  the  part  O  H  by  a  joint  or  bend  at  N : 
the  other  supporting-piece  O  I  is  fastenea  to  the  opposite  side  of  the  pl^te ; 
and  between  these  two  pieces  the  balance-wheel  turns  freely  and  Steadily 
in  the  direction  of  the  letters  A  BC  D.    The  small  wheel  M  S  K  is  called 
the  large  pallet ;  it  is  a  cylindrical  piece  of  steel,  having  a  notch  or  piece 
cut  out  of  it  at  /  A  i ;  agamst  the  side  of  this  notch  is  a  square,  flat  piece  of 
ruby,  or  any  hard  stone,  h  iy  ground  and  polished  very  smooth,  and  fixed 
into  the  pallet.    The  cylinder  is  so  placed,  with  respect  to  the  balance- 
wheel,  tlyu  it  may  not  be  more  than  just  clear  of  two  adjoining  teeth.    £  F 
is  a  long,  thin  spring,  which  is  made  fast  at  one  end,  by  being  pinned  into 
a  stud  G,  and  made  to  bear  gently  against  the  head  of  an  adjusting  screw, 
«  ;  the  other  end  is  bent  a  little  in  the  form  of  a  hook ;  to  this  sprine  there 
h  fixed  another  very  slender  spring  at  7,  which  projects  to  a  small  distance 
beyond  it.    This  small  spring  lies  on  the  side  of  tlie  thick  spring  nearest  to 
ti»e  balance-wheel.    The  adjusting  screw  m  takes  into  a  small  brass  cock  at 
«  p,  which  is  screwed  fast  to  the  upper  plate  by  a  strong  screw.    Upon  the 
spring  £  F  there  is  fixed  a  semi-cylindrical  pin,  which  stands  up  perpen- 
dicularly upon  it,  and  of  a  sufficient  length  to  fall  between  the  teeth  or  the 
haiance-wheel  A  BCD.  T\ns  pin  is  called  the  locking-pallet,  and  is  placed 
on  the  opposite  side  of  the  spnng  represented  to  view.  Through  the  centre 
of  the  cylindrical  pallet  M  SK,  a  strong  steel  axis  passes,  call^  the  verge ; 
the  pallet  is  made  &st  to  this  axis,  which  also  passes  through  the  centre  of 
the  balance,  and  is  made  fast  to  it;  it  has  two  nne  pivots  at  its  extremities, 
upon  which  it  turns  very  freely,  between  two  firm  supporting  pieces  of 
brass,  screwed  firmly,  and  made  as  permanent  as  possible,  by  stesuly-pins, 
to  the  principal  plate.    A  little  above  the  cylindric^  pallet  M  S  K,  is  fixed 
a  small  cylindrical  piece  of  steel,  t  n,  having  a  small  part  projecting  out  at  i, 
through  which  the  verge  also  passes ;  this  is  called  tne  lifting-pallet,  and  is 
from  one-third  to  half  the  diameter  of  the  large  pallet ;  it  fibtes  upon  the  verge 
like  a  collar,  and  is  made  hsi  by  a  twist,  so  as  to  be  set  in  any  position 
with  respect  to  the  large  pallet  M  S  K.    The  end  £  G  of  the  long  spring 
£  F  being  made  very  slender,  if  a  small  force  be  applied  at  the  point  o  to 
press  that  end  out  from  the  wheel  A  B  C  D,  it  yields  easily  in  tnat  direa 
tion,  turning,  as  it  were,  upon  a  centre  at  G ;  it  is  also  made  to  slide  in  a 
groove  made  in  this  stud,  in  such  a  manner  that  the  end  0  may  be  placed  at 
MOW  Tccpired  distance  from  the  centre  of  the  verge. 

Ilavmg  described  the  several  parts  as  they  appear  in  the  fiffure,  we  next 
Gotne  to  their  situation  or  connection  with  respect  to  each  other.  Let  the 
long  spring  £  F  be  supposed  to  be  so  placed,  that  the  end  of  the  slender 
spring  jf  i  may  project  a  little  way  over  the  point  of  the  liftinff-pallet  i «, 
Imt  not  so  close  but  that  the  point  of  the  pallet  may  pass  by  the  hooked  end 
oCthe  spring  £F  without  touching  it;  the  head  of  the  adjusting-screw  m  is 
mlso  supposed  to  bear  gently  on  me  inner  side  of  the  said  spring  £  F,  or 
tj>at  nearest  to  the  wheel,  and  at  the  same  time  the  locking-pallet  is  so 
pUccd,  that  one  of  the  teeth,  P,  of  the  balance-wheel,  may  just  take  b^old 
of  it.  This  pallet  U  not  visible  in  its  proper  place  in  the  figure,  being 
covered  from  sight  hy  the  screw  m,  and  part  of  the  spring  £  F ;  its  position 
M  therefore  repreMuted  by  the  dot  k,  on  Clic  opp<Mite  side  of  the  wheel, 
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lianng  tht  toodi  A  just  t>earing  up  against  it  Ytom  the  ibcsve  deicnplM 
of  the  several  parts  of  the  escapement,  and  their  connection  wi&  each  othec, 
it  Will  be  eas^  to  see  the  mode  of  its  action,  which  is  as  fellows : 

A  force  bemg  supposed  tb  be  applied  to  the  balance-wheel,  so  as  to  onse 

it  to  more  round  in  tne  direction  ot  the  letters  A  B  C  D,  one  of  the  teeth,  as 

D,  will  come  affainst  the  locking-pallet  (as  represented  at  A,  and  the  IoAjd^ 

psdlet  1^  k,)    Tbe  wheel  is  then  svd  to  be  locked,  being  preveoted  ^m 

Dein|^  moTed  forward  by  this  pin.    Let  the  balance  be  now  supposed  to 

rest  in  its  quiescent  position,  and  it  will  have  the  situation  repraeatid  is 

the  figure ;  the  lifting-point  t  of  the  pallet  i  n  win  be  just  dear  of  the  pn- 

jectinff  end  of  the  slender  spring,  the  race,  A  2,  of  the  large  pallet  M  S  Kirf 

•  fidl  a  little  below  Uie  point  of  the  tooth  B,  and  the  balance,  having  its  feat 

or  helical  (meaning  cylindrical)  spring  applied  to  it,  remains  nerfecmi 

rest  in  this  position.    Now,  as  the  balance,  and  the  two  pallets  M  S I  oi 

1 11,  are  fixea  to  the  verge,  it  is  plain  they  must  all  move  together ;  l^tbn- 

fore,  the  bdance  be  carried  a  little  way  nmnd  in  the  direction  of  the  IcBs 

M  S  K :  by  this  motion,  the  end  t  of  the  lifting-pallet  in  will  be  Inocilik 

press  up  against  the  projecting  end  of  the  slender  spring,  and  as  this  ^ 

is  fixed  on  the  side  of  the  spring  £  F,  nearest  to  the  balance-wheel,  At 

point  t  will  press  the  two  springs  together  out  of  the  balance-wheel;  tl& 

as  only  the  point  of  the  tooth  p  (see  its  position  at  k)  touches  the  lodii& 

pallet  when  the  spring  £  F  wais  at  rest  against  the  head  of  the  screw  •» :: 

vrill,  by  the  spring  being  pressed  out  from  the  tooth,  have  slipped  of;  ^ 

the  lockinff-pallet,  which  was  before  supposed  at  j^  will  now  be  at  c,  ckv 

of  the  tooUi  A  of  the  balance-wheel ;)  the  whed  being  now  at  lftert]f,«u 

move  round  by  the  force  supposed  to  be  applied  to  it ;  but  as  the  pomt  i«^ 

the  lifting-pallet  moves  on  and  presses  out  the  spring,  the  point,  £,  of  tk 

large  psJlet  approaches  towards  the  point  of  the  tootii  B  or  tfie  bdvee- 

wheel,  so  that  when  tiie  spring  £  F  is  sufficiently  pushed  oat  to  unkiek^ 

wheel,  the  point  /  of  the  large  pallet  will  be  got  to  d^  and  in  this  poadM 

the  point  of  the  toothB  of  the  balance-wheel  wiU  fiOl  upon  it,  at  tteioe 

time  the  point  of  the  tooth  D  has  just  dropped  off  from  the  locking-fii^ 

m  ;  the  force  of  the  wheel,  being  by  this  means  applied  to  the  top  of  the 

pallet  k  4  gives  an  increased  momentum  to  the  balance,  and  aaaiits  it  is  in 

motion  in  the  same  direction,  and  by  the  continued  motion  of  the  hip 

pallet  in  the  direction  M  S  K,  the  point  of  the  tooth  B,  which  keeps  pRMif 

and  urging  it  forward,  moves  up  towards  the  bottom  of  the  face  of  tne  pditf 

towards  k,  until  the  plain  flat  surfieices  of  the  tooth  and  pallet  coflBeiii> 

contact ;  by  this  time  the  end  o  of  the  slender  spring  has  dropped  of  Cnb 

Uie  point  i  of  the  lifting-pallet,  and  the  two  springs  have  retnined  90^ 

into  their  quiescent  position,  the  sprint  £  F  ffently  tearing  against  tbtha' 

of  the  adjusting  screw,  m,  and  the  lockingpaflet,  in  a  position  to  receiielk 

next  tooth,  C,  of  the  balance-wheel.    When  the  two  sui4hces  of  the  to^ 

and  pallet  are  thus  in  contact,  the  greatest  force  of  the  wheel  is  exerted  spa 

the  pallet,  and  of  course  upon  the  balance  moving  with  it.    Tte  tooA  ^ 

pressing  against  the  face  of  the  pallet,  and  the  pallet  moving  in  the  ^ando^ 

jtf  S  K,  it  at  Jast  drops  off,  leaving  the  balance  at  perfect  liber^  to  •«" 

on  in  die  same  direction  in  which  it  was  going.    Just  as  the  pomt  of  ^ 

tooth  3t  which  has  been  pressing  the  large  f^dlet  round,  k  rMy  to  ki" 

it,  the  next  tooth,  C,  of  the  wheel  is  almost  in  contact  wHh  the  lockar 

paUetm,  so  that  the  instant  the  tooth  B  drops  off,  the  wheel  is  again  WkM. 

and  the  action  of  that  tooth  on  the  balance  is  finished.    As  the  laktfi 

moves  with  the  ereatest  freedom  upon  its  pivots,  the  force  of  tbetooCh  W 

^iven  it  a  considerable  velocity,  so  that  the  balance  still  keeps  moviof  « 

m  the  same  direction,  after  the  pressure  of  the  tooth  is  rtiopved  hfd&ffH 
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^  from  tbf  pallet,  until  the  ibi>ce  of  th«  penjulum-spring,  (which  is  not 
represented  io  the  fijg^te,)  beins^  continually  increased  oy  being  wound  up, 
o?ercoinei  the  momentum  of  tne  balance,  which  for  an  instant  of  time  is 
then  stationary,  but  inunediately  returns  by  the  action  of  the  pendulum* 
spring  which  exerts  a  considerable  force  upon  it  in  unwinding  itself.    As 
tne  b^ance  returns,  the  point  t,  of  the  lifting-pallet  t  n,  passes  by  the  ends 
of  two  springs,  E  F  and  i  0,  and,  in  passing  by,  pushes  the  projecting  end  o 
q(  the  slender  spnng  ia  towards  the  balance-wheel,  until  it  has  passed  it ; 
after  this,  the  projecting  end  o  agadn  returns,  and  applies  [t^elf  close  to  the 
hooked  end  oTthe  spring  £  F  as  before.  The  spring  ^o  is  made  so  slender, 
that  it  ^ves  but  little  resistance  to  the  balance,  during  the  time  the  point  i 
of  the  lifting-pallet  is  passing  it,  and  of  course  causes  out  little,  if  any,  de- 
crease in  its  momentum.    DUring  the  time  the  point  i  of  the  lifting-pallet 
if  pessmg  in  the  small  spring  y  o,  the  long  spring  £  F  remains  steadily 
bearing  against  the  head  of  the  adjusting  screw  m,  as  the  hooked  end  at  o 
just  lets  the  end  of  the  lifting-pallet  pass  by  without  touching  it.    As  the 
spring  has  now  been  continually  actine  upon  the  balance,  from  the  extremity 
of  its  Tibration  in  the  direction  M  S  K,  it  has  given  it  the  greatest  velocity 
when  the  point  t  of  the  lifting-pallet  is  passing  the  end  o  of  the  slender 
soring;  for  at  this  instant  the  spring  which  was  wound  up  by  the  contrary 
direction  of  the  balance,  is  now  unwound  again,  or  in  the  same  state  as  it 
was  in  its  quiescent  position  at  first,  and  of  course  has  no  effect  at  all  ui>on 
the  balance  in  either  direction ;  but  the  balance,  having  now  all  the  velocity 
it  would  acquire  from  the  unwinding  the  spring,  goes  on  in  the  direction 
S  M  K  until  the  force  of  this  spring  a^ain  stops  it,  and  brines  it  back  again, 
moving  in  the  same  direction  as  at  first,  with  a  considerable  velocity.    By 
this  return  of  the  balance,  the  point  I  of  the  lifting-pallet  comes  up  again  to 
the  projecting  end  o  of  the  slender  spring,  pushes  back  the  long  spring  £  F, 
aod  ymocks  the  wheel ;  and  another  too%  railing  upon  the  face  ot  the  pallet 
A  A  gives  fresh  energy  to  the  balance ;  and  thus  the  action  is  carried  on  as 
before. 

BSCAPBMBNT^  OR  's€APSMBNT. 

Tub  motions  of  a  clock  or  watch  are  regulated  by  a  ^n- 
didiim  or  balance,  which  Berves  as  a  chedc,  irithout  which, 
the  wheels  impelled  by  the  weight  in  the  dock^  or  spring  in 
tbe  watch,  would  run  round  >vith  a  rapidly  accelerating 
motion,  till  this  should  be  rendered  uniform  by  fnction,  and 
tbe  resistance  of  the  air ;  if,  however,  a  pendulum  or  balance 
be  put  in  the  way  of  this  motion,  in  such  manner  that  only 
one  tooth  of  a  wheel  can  pass,  the  revolutions  of  the  wheel 
will  depend  on  the  vibration  of  the  pendulimi  or  balance. 

We  Know  that  the  motion  of  a  pendulum  or  balance  is 
alternate,  while  the  pressiure  of  the  wheels  is  constantly 
exerted  in  the  same  direction.  Hence  it  is  evident  that  some 
meaiiB  must  be  employed  to  accommodate  these  difTerent 
motions  to  each  other.  Now^  when  a  tooth  of  the  wheel  has 
^▼en  the  pendulum  or  balance  a  motion  in  one  direction,  it 
mast  quit  it,  that  the  pendulum  or  balance  may  receive  an 
impulsion  in  the  opposite  direction.  This  escaping  of  the 
ta^ih  has  given  rise  to  the  term  escapement 
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The  ordinary  *$capement  is  extremely  sim{)1e,  and  raav  be  thus  illustiiled 
Let  xy,  flg.  523,  represent  a  horizootal  axis,  to  whioi  the  pendohm  h 
attached  by  a  slender  rod.  This  axis  has  two  leaves,  e  and  tf,  one  neai 
each  end,  and  not  in  the  same  plane,  but  so  that  when  the  pendulum  hangi 
perpendicularly  at  rest,  c  spreads  a  few  degrees  to  the  right,  and  d  as  mod 
to  the  left.  These  are  called  the  pallets.  Let  a/ 6  represent  a  wkel 
turning  on  a  perpendicular  axis,  e o,  in  the  order  afeb.  The  teeth  of  tlw 
wheel  are  in  the  form  of  those  of  a  saw,  leaning  ibrward  in  the  directim  oi 
the  rim's  motion.  This  wheel  is  usually  called  the  cnntnt-veh^  or  ii 
watches  the  bQUmce-wheel,  It  in  general  conuins  an  odd  number  of  teetk 
In  the  figure  the  pendulum  is  represented  at  the  extremity  of  its  cxcbim 
towards  the  right,  the  tooth  a  having  just  escaped  from  the  pallet  c,  tn^i 
having  just  dropped  on  <f. 

Now  it  is  evident,  that  while  the  pendulum  is  movinff  to  the  left^  is  k 
^ixc  pr,  the  tooth  b  still  presses  on  the  pallet  d,  and  Uius  accelenies  ir 
pendulum,  both  in  its  descent  along  p  A,  and  its  ascent  up  A  ^,  and  iit 
when  dj  by  turning  round  the  axis  xy,  raises  its  point  aboTe  the  pliBttf 
the  wheelj  the  tooth  b  escapes  from  it,  and  t  drops  on  c,  now  nearly  pervo- 
dicular.  Thus  c  is  pressed  to  the  right,  and  the  motion  of  the  pendab 
i^ong  gP  is  accelerated.  Again,  while  the  pendulum  hangs  perpendkoh^ 
in  the  Ime  4:  A,  the  tooth  b,  by  pressing  on  d,  will  force  the  penfo^Q 
to  the  left,  in  proportion  to  its  lightness,  and  if  it  be  not  too  heary,  «j 
force  it  so  far  m>m  the  perpendicular,  that  b  will  escape,  and  t  will  ctB^ 
on  c,  and  force  the  pendulum  back  to  p,  when  the  same  motion  triO  k 
repeated.  This  effect  will  be  the  more  remarkable  if  the  rod  of  the  pes* 
dulum  be  continued  through  dry,  and  have  a  ball  ^,  on  the  other  eoit  * 
balance  p. 

When  b  escapes  from  d^  the  balls  are  moving  with  a  certain  vdodty  ui 
momentum,  and  in  this  condition  the  balance  is  checked  when  1  ctttfetf 
on  e.  It  is  not,  howerer,  instantly  stopped,  but  continues  to  move  t  ^ 
to  the  left,  and  I  is  forced  a  little  backward  by  the  pallet  c.  It  cannoi  wth 
its  escape  over  the  top  of  the  tbbth  1,  as  all  the  momentum  of  the  bdasc 
was  generated  by  the  force  of  6,  and  t  is  of  equal  power.  Bendei,  wka 
I  catches  on  c,  and  the  motion  of  c,  to  the  left,  contiiraes,  the  lower  u>^ 
of  c  it  applied  to  the  face  of  t,  which  now  acts  on  the  balance  hj  a  i*^ 
lever,  and  soon  stops  its  motion  in  that  direction,  and,  continuing  to  fn> 
on  c,  urses  the  balance  in  the  opposite  direction.  In  this,  it  is  endenl  tkit 
the  motion  of  the  wheel  is  hobbling  and  unequal,  by  which  this  escapes^ 
has  received  the  appellation  of  the  recorUng  *9capement. 

In  considering  the  utility  of  the  following  improved  '9cap^  j 
ment  for  clocks^  we  must  keep  in  mind  the  following  pro^ 
sition,  which,'  after  the  above  illustration,  scarcely  reqov^ 
any  proof.  It  is,  that  the  natural  vibrations  of  a  pen^il^ 
are  isochrnnous^  or  are  performed  in  equal  times.  The  p^ 
object  of  the  'scapement  is  to  preserve  this  isochrotf^ 
motion  of  the  pendulum. 

As  the  defect  of  the  recoiling  'scapement  was  long  ^ 
parent,  several  ingenious  artists  attempted  to  substitute  0 
Its  place  a  'scapement  that  should  produce  a  more  rego^ 
and  uniform  motion.  Of  these,  the  'scapement  contrivwj^f 
Mr.  Cumming  appears  to  be  one  of  the  most  ingenious  w^ 
construction,  and  most  perfect  in  its  operation.    The  foUo^^ 
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ing  construction  is  similar  to  that  of  Mr.  Cumming^  bat 
rendered  rather  less  complex  for  the  purpose  of  shortening 
the  description. 

Let  ABC,  fig.  524,  represent  a  portion  of  the  swing-wheel,  of  which  O 
b  the  centre,  ami  A  one  of  the  teeth,  and  Z  the  centre  of  the  crutch,  t>ie 
pallets,  and  pendulum.  The  crutdi  is  represented  of  the  form  of  the  letter 
A,  having  in  the  circular  cros»-piece  a  slit  i  ft,  which  is  also  circular,  Z  being 
the  centre.  The  arm  Z  F  forms  the  first  detent,  and  the  tooth  A  is  rapre- 
seuted  as  locked  on  it  at  F.  D  is  the  first  pallet  on  the  end  of  the  arm  L  d^ 
movable  lound  the  same  centre  with  the  detents,  but  independent  of  them. 
The  arm,  de^Xa  which  the  pallet  D  is  attached,  lies  wholly  behind  the  arm  Z  F 
of  the  detent,  being  fixed  to  a  round  piece  of  brass,  tfgy  having  pivots 
turning  concentric  with  the  axis  of  the  pendulum.  To  the  same  piece  of 
brass  is  fixed  the  horizontal  arm  c  H,  carrying  at  its  extoemity  the  ball  H, 
of  such  siie  that  the  action  of  the  tooth  A  on  the  pallet  D  is  just  able  ^o 
raise  it  up  to  the  position  represented.  Z  P/)  represents  the  fork,  or  pen- 
dulum-rod, behind  both  detent  and  pallet.  A  pin  ji  projects  forward, 
coming  through  the  slit  t  ft,  without  touching  either  margin  of  it.  Attached 
to  the  fork  is  the  arm  m  «,  of  such  length  that,  when  the  peodulum-rod  is 
perpeiulicular,  the  angular  distance  of  »  ^  from  the  rod  e  i^  H  is  just  equal 
to  the  angular  distance  of  the  left  side  of  me  pin  n  from  the  left  end  t  of  the 
sUtlft. 

Now  the  natural  position  of  the  pallet  D  is  at  8,  represented  by  the  dotted 
lines,  resting  on  the  back  of  the  detent  F.  It  is  naturally  brought  into  this 
position  by  its  own  weight,  and  still  more  by  the  weight  of  the  ball  H. 
The  pallet  D,  being  set  on  Uie  foreside  of  the  arm  at  Z,  comes  into  the  same 
plane  with  the  detent  F  and  the  swing-wheel,  though  represented  in  the 
figure  in  m  different  position.  The  tooth  C  of  the  wheel  is  supposed  to  have 
escaped  from  the  second  pallet,  on  which  the  tooth  A  immediately  seizes 
the  pallet  D,  situated  at  8,  forces  it  out,  and  then  rests  on  the  detent  F,  the 
pallet  D  leaning  on  the  tip  of  the  tooth.  After  the  escape  of  C,  the  pen- 
dulum, moving  down  the  arch  of  semi-vibration,  is  represented  as  having 
attaincKl  the  vertical  position.  Proceeding  stiU  to  the  left,  the  pin  ji  reaches 
the  extremity  i  of  the  slit  iki  and,  at  the  same  instant,  the  arm  n  touches 
tbe  rod  e  H  in  q.  The  pendulum  proceeding  a  hair^s-breadth  further,  with- 
draws the  detent  F  from  the  toou,  which  now  pushes  off  the  detent,  by 
acting  on  the  indining  ftce  of  it. 

Tbe  wheel  being  now  unlocked,  the  tooth,  following  C  on  the  other  side, 
acts  on  its  pallet,  pushes  it  off,  and  rests  on  its  detent,  which  has  been 
rapidly  brought  into  a  proi>er  position  by  the  action  of  A  on  the  inclined 
face  of  F.  By  a  similar  action  of  C  on  its  detent  at  the  moment  of  escape, 
F  was  brought  into  a  position  proper  for  the  wheels  being  locked  by  the 
tooth  A.  As  the  penaulum  still  goes  on,  the  ball  H,  and  pallet  connected 
with  it,  are  carriea  bv  the  arm  m  n,  and  before  the  pin  ^  again  reaches  the 
end  of  the  slit,  which  had  been  stKldenly  withdrawn  by  the  action  of  A  on 
F,  the  pendulum  comes  to  rest.  It  now  returns  towards  the  right,  loaded 
with  the  ball  H  on  the  left,  and  thus  the  motion  lost  during  tbe  last  vibration 
is  restored.  When  the  pin  /),  by  its  motion  to  the  right,  reaches  the  end  ft 
of  t  ft,  the  wheel  on  the  right  side  is  unlocked,  and  at  the  same  instant  the 
weight  H,  being  raised  from  the  pendulum  ly  the  action  of  a  tooth  like  B 
on  die  pallet  D,^ceases  to  act. 

In  this  'scaDement^  both  pallets  and  detents  are  detached 
from  the  penaulum^  except  in  the  moment  of  unlocking  the 
wheels  so  that^  excepting  during  this  short  interval^  the  pen 
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dtilum  tAiy  Be  setid  tb  be  free  during  its  whole  vibration^  and 
of  course  fts  tiiotioti  must  be  more  eqaable  and  undisturbed. 

The  constructing  of  a  proper  'scapement  fc^  watches 
requires  pecuHar  ^licacy,  owing  to  the  small  size  of  the 
machine^  from  which  the  error  oTtH  of  an  inch  has  as  muck 
effect  as  the  error  of  a  whole  inch  in  a  common  dodu 
From  the  necessary  lightness  of  the'  bailee  too,  it  is  ex* 
tremely  difficult  to  aceomulate  a  sufficient  quantitv  of  regu- 
lating power.  This  can  only  be  done  by  giving  the  balance 
a  great  velocity,  which  is  effected  by  concentrating  as  much 
as  possible  of  its  weight  in  the  rim,  and  making  its  vibrations 
very  wide.  The  balance-rim  of  a  tolerable  watch  shouU 
pass  through  at  least  ten  inches  in  every  second. 

In  considering  the  most  pr^r  ^scapements  for  watcfaa, 
wc  may  assume  the  following  principle ;  viz. :  tiiat  the  oscil- 
lations of  a  balance  ursed  by  its  spring,  and  undElstorbed  bj 
extraneous  forces,  are  Isochropous. 

In  ordinarv  pocket-watches,  the  common  recoiling  'scape- 
ment of  clocks  is  still  employed,  and  answors  the  commoa 
purposes  of  a  watch  tolerably  well,  so  that,  if  properly  exe- 
cuted, a  good  ordinary  watch  wilt  keep  time  within  a  aunute 
in  the  da]^.  These  watches,  however,  are  subject  to  gral 
variation  m  theur  rate  of  going,  from  any  change  in  the  poim 
of  the  wheels. 


The  ibllowing  is  considered  as  the  best  construction  of  the  common  ^ 

'scapement,  and  is  renresented  by  fig.  525,  as  it  appears  when  lookiiig  stmigk 
down  on  the  end  of  ue  balance  arbor.  C  marlu  the  centre  of  the  T 
and  verge ;  C  A  represents  the  upper  pallet,  or  that  next  the  bakat 
C  B  the, lower  pallet;  F  and  D  are  two  teeth  of  the  ciown-wheel,  ; 
from  led  to  right;  £  G  are  two  teeth  in  the  lower  part,  moving  from  n^ 
to  left.  The  tooth  D  appears  as  having  just  escaped  fit>m  the  point  of  C  A, 
and  the  tooth  Eas  having  jost  come  in contaot  wuh  C  B.  In  practice,  the 
'scapement  ^ould  not  be  quite  so  closer  as,  l^  a  smaU  inequality  of  the  teeth| 
D  might  be  kept  firom  escaping  at  all.  In  thie  best  proportioned  watd^a^the 
distance  between  the  front  of  tibe teeth,  that  is,  of  G  F  £  D,  and  the  axis  €  «f 
the  balance,  is  i  of  F  A,  the  distance  between  the  points  of  the  teeth.  The 
length  C  A,  C  B,  of  the  pallets  is  {  of  the  sane  degrees,  and  the  front  D  fi, 
or  F  R  of  the  teeth  makes  an  angle  of  25*  with  the  axis  of  the  crown-whecL 
The  sloping  side  of  the  tooth  must  be  of  an  epi<7cloidal  Ibrm^  suited  to  the 
relative  motion  of  the  tooth  and  pallet. 

It  appears  from  these  proportions,  that  by  the  action  of  the  tooifa  B, 
the  pallet  A  can  throw  out  till  it  reac^  a,  t2Q9  from  C  Li,  the  line  of  the 
crown-wheel  axis.  To  this  if  we  add  B  C  A  ->  95o,  we  shall  have  L  C  a  •«  190*. 
Again,  B  will  throw  out  as  far  on  the  oUier  side.  Now,  if  from  34e»,  the 
sum  of  the  extent  of  vibration  of  both  pallets,  we  take  W^f  the  angle  of  the 
pallets,  the  remainder  145o  vdll  express  the  greatest  vibration  which  the 
balance  can  make  without  striking  tlie  front  of  the  teeth.  From  several 
causes,  however,  this  mSaMDe  is  too  great,  aild  tdO<>  is  wekoned  a  suffidcst 
vibration  in  the  beet  ordmty  'sottpemost.    JgiujuftysMHj  JMCtinfa*. 
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In  1813,  Mr.  Prior,  jun.  was  lewaided  by  the  Sodeiy  of 
Arts  for  the  construction  of  a  remontoire  escape  which  pos- 
sesses considerable  merit. 

The  advantage  of  this  escapement  is  such  as  will  give  an 
exact  and  equal  impulse  to  the  pendulum  without  any  motion, 
and  which  cannot  be  at  all  aflfected  by  any  irregularities  or 
variations  arising  by  the  clogging  of  oil  and  increasing  of 
friction  from  the  train,  except  during  the  very  small  part  of 
the  vibration  that  the  pendulum  is  removing  the  spring  detents 
firom  off  the  points  of  the  teeth  of  the  escape-wheel,  the  effect 
of  which  can  never  be  discovered  in  the  rate  by  any  variation 
the  oil  on  the  pivots  and  the  increase  of  friction  can  ever 
produce,  as  long  as  the  wheels  will  be  able  to  wind  up  the 
renovating  spring,  which  will  be  nearly  as  long  as  they  can 
move  at  all,  as  Uie  renovating  spring  has  not  either  to  be 
wound  uj)  quick,  or  to  be  pushed  beyond  any  catch  or  spring  to 
keepitin  its  proper  situation, nor  can  thereever  be  anyincrease 
of  Mction  in  winding  up  the  renovating  spring,  as  it  is  formed 
in  nearly  as  right  a  Ime  as  possible ;  consequently  must  go 
almost  enflessly  without  citaniug,  and  will  never  require  any 
oil. 

The  8win|;*wheel  A,  figs.  526  and  527*,  has  thirty  teeth  cut  in  its  peri- 
pheiy,  and  is  constantly  urged  forward  by  the  maintaining  power,  which  is 
supplied  by  a  small  weignt  X,  fiffs.  527  and  537* ;  C  D  are  two  spring 
detents  catching  the  teeth  of  the  meel  alternately,  these  are,  at  the  proper 
intervals,  unlocked  by  the  parts  marked  2  and  3,  fig.  526,  upon  the  pen- 
dulum rod  H,  intercepting  small  pins  ab,  fig.  527,  projecting  from  the 
detents,  as  it  vibrates  towwls  the  one  or  the  other ;  £  is  the  renovating  or 
remontoire  spring,  fiied  to  the  same  stud  F,  as  the  detents ;  it  is  wound  up 
by  the  higfaeat  toodi  of  the  wheel,  as  seen  in  fig.  5i6,  (its  position  when  un* 
wound  being  shovm  by  the  dotted  line.)  ILis  being  a  case,  suppose  a  tooth 
of  the  whe^  is  caugttt  by  the  detent  D,  which  prevents  the  wheel  from 
moving  any  further,  and  keeps  the  renovating  spnng  from  escaping  ofi"  the 
point  of  the  tooth ;  in  this  position,  the  pendulum  is  quite  detached  from 
the  vriieel ;  now,  if  the  pesdulum  be  cansed  to  vibrate  towards  G,  die  part 
of  it  marked  2  comes  against  the  pin  5,  fi|.  527,  projectinff  from  the  renovat- 
ing snrins  £,  and  pushes  this  spring  from  the  point  of  the  wheeFs  tooth ; 
on  vibratmg  a  little  fiirther,  it  removes  the  detent  D,  which  detained  the 
wheel,  by  the  part  3  strikinff  the  pin  a,  fig.  2,  which  projects  from  the  detent ; 
the  maintaining  power  of  the  clock  causes  the  wheel,  thus  unlocked,  to  ad- 
wce,  until  detained  bv  a  tooth  resting  upon  the  end  of  the  detent  C,  on 
the  opposite  side ;  hj  this  means  the  renovating  spring  vrill  be  clear  of  the 
toolh  cs  the  wheel  as  it  letums  with  the  pendulum,  and  gives  it  an  impulse, 
by  its  pin  5  pressing  against  the  part  2  of  the  pendulum,  until  the  ^ring 
comes  to  the  position  s^own  by  the  dotted  line,  in  which  position  it  is  un- 
vound,  and  rests  against  a  pin  fixed  in  the  eroaa  bar  of  the  plate ;  the  i)eo. 
duhm  oontinuea  vibratins  towards  I,  nearly  to  the  extent  of  its  vibration, 
^len  the  part  1  meets  ue  pin  in  the  detent  C,  and  removes  it  from  the 
wheel,  and  unlocks  it;  the  maintaining  power  now  carries  it  forward, 
poshing  the  renovating  spring  £  before  it,  until  another  tooth  is  caught  by 
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tbcfdetent  D,  which  detains  the  wheel  in  the  positic»i  fint  described,  the 
rciiovatiiig  spring  being  wound  up  ready  to  give  another  impulse  to  the 
pendulum. 

The  pin  b,  fig.  527,  is  not  fixed  to  the  renovating  spring  itself,  but  is  put  of 
a  piece  of  brass,  which  is  screwed  fast  to  the  renovating  spring,  and  is  made 
very  slender  near  the  screw  which  fitftens  it ;  this  permits  the  renovating  spfing 
to  ccive  way,  if,  by  the  weight  being  taken  off  the  clock,  or  any  other  a^ 
cident,  the  escape-wheel  should  be  wound  backwards,  so  as  to  cat(^  on  the 
detents  improperiy. 

In  this  e£tcapement  it  is  Qeoessary  to  attend  to  tlie  following 
observations : 

1st.  That  the  ^renoyating  and  detent  springs  must  spriflg 
from  one  centre,  and  as  similarly  aa  possible. 

2dly.  That  the  fprce  applied  to  tbe  train  must  be  so  mud 
more  than  what  will  wind  up  the  renovating  spring,  as  wil 
overcome  the  influence  of  o\l  and  friction  on  the  pivo^  of  the 
machine. 

3dly.  That  the  renovating  spring,  when  unwound,  must  rest 
against  the  ppiqt  of  the  tooth  qf  the  wheel,  which  will  be  ao 
advantage,  as  it  thereby  takes  as  n\uch  force  off  tfie  tooth  of 
the  wheel  resting  against  the  detent  spring  as  is  equal  to  the 
pressure  of  the  renovating  spring  C,  against  the  race  of  the 
tooth  of  the  wheel. 

4thly.  The  detent  springs  must  be  made  as  slender  and 
light  as  possible,  though  whatever  force  they  take  from  the 
pendulum  by  their  elasticity  in  removing  them  to  unlock  the 
wheel,  so  much  force  they  return  to  the  pendulum  in  foUow- 
ing  it,  to  where  it  removed  them  from,  therefore  action  and 
reaction  will  be  equal  in  contrary  directions. 

5thly.  That  it  is  necessary  for  the  pendulmn  to  remove  the 
detents  or  renovating  springs,  much  farther  than  it  is  neces- 
sary to  free  the  teeth  of  the  wheel,  as  it  will  alwap  vibrate 
on  the  same  arc ;  in  table  clocks  it  ought  to  remove  them 
farther,  so  that  it  can  go  when  not  placed  esuu^tly  level,  tf 
what  is  generally  termed  out  of  the  beat. 

The  following  description  of  a  clock  escapement,  contrived 
by  Mr.  Reid,  about  twelve  or  fifteen  years. ago,  is  extracted 
from  the  Ekiinburgh  Encyclopedia : 

Fig.  528.  S  W  is  the  swing-wheel,  whose  diameter  may  be  so  large  asto 
be  sufficiently  free  of  the  arbor  of  the  wheel  that  run*  into  its  pinion,  whiefe 
in  eight-day  clocks  is  the  third.  The  teeth  of  this  swing-wheel  are  cut  tiw* 
deep,  in  order  that  the  wheel  may  be  as  light  as  possible,  and  the  strengtb  of 
the  toeth  little  more  than  what  is  necessary  to  resist  the  action  or  force  of  » 
common  clock  weight  through  the  wheeb.  They  are  what  may  be  called 
the  lockinc-teeth,  as  will  be  more  readily  seen  from  the  use  of  them  aftir- 
wards  to  be  explained.  Those  called  the  impulse-teeth,  consist  of  WT 
small  tempered  steel  pins,  inserted  on  the  surface  of  the  rim  of  the  wheel « 
one  side  only.    They  are  nearly  two-tenths  of  an  ineh  iu  height ;  and  ii- 
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smaller  they  ar6  so  much  more  room  will  be  giren  for  the  thickness  of  tli« 
I>allets.     If  they  have  strength  to  support  about  80  or  100  grains,  they 
will  be  strong  enough.    There  is  no  rule  required  for  placing  them  relatively 
to  the   locking-teeth,  only  they  may  as  vrell  be  opposite  to  these  teeth 
as  any  levhere  else.    P  P  are  the  pallets  wbo«e  centre  or  motion  is  the  same 
as  that  at  tlie  verge  at  a.    These  pallets  are  formed  so  as  to  have  the  arms 
sufficiently  strong,  and  at  the  same  time  as  light  as  may  be.    That  part 
where  the  arms  meet  at  the  ande  at  a,  has  a  steel  socket  made  out  of  the 
same  piece  as  the  arms,  being  %>rged  toj^ether  in  this  manner.    The  socket 
is  made  to  fit  well  on  the  verge,  on  which  it  is  only  twisted  fast,  and  is 
tmned  pretty  small  on  the  outside,  in  order  to  allow  the  arbors  of  the  detents  to 
be  laid  as  dose  to  the  verge  as  may  be,  so  that  their  centres  of  motion  may 
coincide  as  nearly  as  possible.    A  perfect  coincidence  of  the  centres  might 
be  obtained  hv  using  a  hollow  cylinder  for  the  verge,  with  the  detent-arbors 
Tunning  inside  of  it,  but  this  would  have  occasioned  more  trouble.    That 
part  of  the  pallet  frame,  as  it  may  be  called,  in  which  is  set  the  stone  for 
receiving  the  action  or  impulse  of  the  small  pin  teeth,  is  formed  into  a  rect- 
angular shape,  so  as  to  allow  room  for  a  dove-tail  groove,  into  which  the 
stone  pallets  are  fixed,  as  may  be  seen  at  P  P,  fig.  528,  and  P,  fig.  529, 
which  also  gives  a  side  view  of  the  verge  at  a,  and  where  the  socket  of  the 
pallets  is  seen  as  fixed  on  the  verge.    At  B,  fig.  529,  is  seen  the  outer  end 
of  one  of  the  stone  pallets  made  flush  with  the  steel.    That  part  of  the  stone 
pallets  upon  which  the  pin  teeth  act,  may  be  seen  in  fig.  528,  where  they 
are  represented  in  their  respective  positions  relative  to  the  pin  teeth.    Their 
shape  or  form  is  exactly  that  which  gives  the  dead  beat.    In  fig.  528  are 
seeti  the  detents  d  d,  whose  centre  of  motion  is  at  c  c.    They  are  fixed  on 
their  arbors  by  a  thin  steel  socket,  made  as  forged  with  the  detents,  much 
in  the  same  way  as  the  pallets  were,  as  may  be  seen  at  c,  fig.  530,  which 
gives  a  side  view  of  one  of  the  detents  and  its  arbor.    The  screws  e  tf,//,  in 
the  arms  of  the  detents,  have  a  place  made  to  receive  them,  which  is  more 
readily  seen  in  fig.  530,  than  in  fig  528.    The  screws  e  t  serve  for  the  pur- 
pose of  adjusting  that  part  of  the  *8capement  connected  with  the  pallets 
pushing  the  detents  out  from  locking  the  wheel,  by  means  of  locking  the 
teeth.    The  ends  of  the  screws  e  e,  on  the  unlocking,  are  met  bv  the  ends  of 
the  stone  pallets,  one  of  which  is  represented  at  ft,  fig.  529.    The  screws  // 
seem  to  adjust  the  locking  of  the  wheel-teeth  on  the  detents ;  ^  ^  are  brass 
rectangular  pieces,  or  studs,  which  are  fixed  to  the  inside  of  the  pillar  fiame 
plate,  and  may  be  near  an  inch  high.    The  ends  of  the  screws  //  rest  on 
the  side  of  these  studs,  and  according  as  they  are  more  or  less  screwed 
through  at  the  ends  of  the  detents,  so  much  less  or^  more  hold  will  the  de- 
tent piece  have  of  the  teeth.  These  holding  pieces  of  the  detents  are  not 
represented  in  the  drawing,  as  they  would  have  made  other  parts  of  it  rather 
obscure.    They  are  made  of  stone,  and  are  fitted  in  by  means  of  a  dove- 
tail cut  in  a  piece  left  for  that  purpose,  on  the  inside  of  the  detent-arms,  as 
may  easily  be  conceived  from  tne  drawing,  where  it  is  represented  in  part  at 
ff  fig.  530 ;  and  is  in  the  line  across  the  arm  with  the  screw  e,  which  is 
close  by  the  edge  of  the  detent  stone  piece,  which  projects  a  little  beyond 
the  end  of  the  screw.     Having  described  the  parts  of  the  'scapement,  we 
shall  now  explain  their  mode  of  action.    On  the  left-hand  side  the  pin  tooth 
is  represented  as  having  just  escaped  its  pallet,  as  seen  in  fig.  528 ;  but 
previ,ous  to  its  having  gut  on  to  the  flanch  of  this  pallet,  let  us  conceive  that  the 
back  of  the  pallet,  or  end  piece  6  of  it,  had  come,  in  consequence  of  the 
iQotion  of  the  pendulum,  to  that  side,  and  opposing  the  screw  e^  which  is 
itt  the  detent  arm,  pushes  or  carries  it  on  with  it,  and  consequently  milochs 
the  tooth  of  the  wheel,  which  then  endeavours  to  get  forward,  but  the  pin 
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tooth  at  this  instant  of  nnlocking,  aMtting  wilk  the  flaockef  thepittctlldii 
lower  edg^  inside,  and  poshing  forward  on  the  flaach,  by  thb  mean  i» 
pels  the  pendulum,  and  after  having  escaped  the  pallet^  the  not  lodiif 
tooth  is  received  bv  the  detent,  on  the  right-hand  side,  where  the  whtd  ii  nov 
again  locked.  In  the  mean  time,  while  the  pendulum  is  describtng  that  pvl tf 
its  vibration  towards  the  left  hand  free  anddttadied,  as  the  paUetauenowit 
liberty  to  move  freely  and  independently  of  the  small  pin  teeth,  ontheiebn 
of  the  pendnhim  to  the  right-hand  side,  the  detent,  by  means  of  the  neUetot 
that  siae,  is  poshed  oot  from  locking  the  whed,  and  at  the  instant  otanlod- 
ing,  the  wheel  gets  forward,  and  the  pin  tooth  is  at  the  same  instant  ndf 
to  get  on  the  flimchof  its  pallet,  and  gives  new  impolse  to  the  pendnhniiii 
is  obvious  by  what  is  represented  in  the  drawing,  ig.  528.  After  the  fi 
tooth  has  escaped  the  nallet,  the  wheel  is  again  lodced  oo  Uie  opposina 
left-hand  side ;  the  penoolom  moves  on  to  the  right  freely  and  indgpiuifai% 
till  the  next  locking  on  tlie  left  takes  place,  and  so  on.  It  may  be  o\mmd, 
that  the  unlocking  takes  place  when  the  pendulum  is  near  the  lowest  port, 
or  point  of  rest,  and  of  course  where  its  force  it  neariy  a  maTim^im. 

Without  attaching  any  thing  to  the  merits  of  this  'scafK- 
ment,  we  may  remark  that  the  clock  was  obsexred  from  tist 
to  time  by  a  very  good  transit  instrument,  and,  duiinf  i 
period  of  eighty-three  days,  it  kept  within  the  second,  wUi- 
out  any  interim  apparent  deviation.  This  degree  of  time- 
keeping seemed  to  be  as  much  a  matter  of  accident  as  other- 
wise ;  and  cannot  reasonabhr  be  expected  from  this  or  aajr 
other  clock  as  a  fixed  or  settled  rate. 

This'8cq>ement  being  a  detached  or  free  'scapement,  canaH 
pleasure  be  omverted  into  a  recoiling  or  dead  beat  one,  withoat 
so  much  as  once  disturbing  or  'stopping  the  pendulam  i 
single  vibration.  To  make  dead  beat  of  it,  put  in  a  peg  flf 
wood,  or  small  wire,  to  each,  so  as  to  raise  the  detents  fr^  d 
the  pallets ;  and  these  being  left  so  as  to  keep  them  in  die 
portion,  the  pin-teeth  will  now  foil  on  the  circular  parts  of 
the  pallets,  and  so  on  to  the  flanch,  and  the  'scapement  k 
th^if  to  all  intents  and  purposes,  a  dead  beat  one.  To  make 
a  recoiling  one  of  it,  let  there  be  fixed  to  each  arbor  of  the 
detents,  a  wire  to  project  horizontally  from  them  about  31  (X 
4  Inches  long ;  the  outer  ends  of  the  wires  must  be  tapped 
about  half  an  inch  in  length  ;  i>rovide  two  small  brass  balk, 
half  an  ounce  weight  eacn,  having  a  hole  through  them,  and 
tapped  so  as  to  screw  on  the  wires ;  the  balls  can  be  pot 
more  or  less  home,  and  be  adjusted  proportbnably  to  the 
force  of  the  clock  on  the  pendulum.  No  recoil  will  be  seen  oa 
the  seconds'  hand;  yet  these  will  alternately  oppose  sad 
assist  the  moti(m  of  the  pendulum,  as  much  as  any  recoifio; 
pallets  can  possibly  do ;  and  as  their  efibrts  on  the  pendulum 
will  be  exactly  the  same,  it  may  be  considered  as  a  good 
recoiling  'scapcment.  This  sort  of  detached  'seaptmettt,  hf 
becoming  a  dead  beat,  or  a  recoiling  one,  at  any  time  when 
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re<niired,  nuikes  it  convenient  for  making  various  experimenttt 
wiui  the  ditfn^nt  'scapements. 

Another  'sca^ement^  in  which  a  considerable  degree  of 
ingenuity  is  united  with  comparative  simplicity,  is  that  of 
Mr.  De  Lafons.  The  inventor  s  description^  and  some  of  his 
ob»eirvations,  as  presented  to  the  Society  ot  Arts,  are  as 
follows : 

**  Altkough  the  giTuig  of  an  equal  impulse  to  the  balance  has  been 
alteady  most  ingeniously  done  by  Mr.  Mudge  and  Mr.  Haley,  (from  whose 
gteat  meiit  I  would  not  wish  to  detract,)  yet  the  extreme  difficulty  and 
expense  attending  the  first,  and  the  veiy  compound  locking  of  the  seeondy 
fender  them  hx  from  completing  the  desired  object. 

^The  perfections  and  Mvantages  arising  from  my  improvements  on  the 
eenOBtoire  detached  *8oapement  for  chronometers,  whidi  gives  a  perfectly 
equal  impulse  to  the  baknee,  and  not  only  entirely  removes  whatever 
ki^egvlarities  arise  from  the  different  states  of  fluidity  in  the  oil,  from  the 
train  <^  wheels,  or  from  the  mainspring,  but  does  it  in  a  simpler  way  than 
aa^  with  which  I  am  acquainted.  I  trust  it  will  not  be  thought  improper 
lA  me  to  answer  some  objections  made  at  the  examinations  before  the 
eommittee,  as  I  am  fully  persuaded  the  more  mathematicallv  and  critically 
the  improvements  are  investigated,  the  more  perfect  they  wiU  prove  to  be. 

**  It  was  first  observed,  that  my  method  aid  not  so  completely  detach 
the  train  of  wheels  from  the  balance  as  another  'scapement  then  referred 
to.  I  beg  leave  to  remark,  that  the  train  of  wheels  in  mine  is  prevented 
from  pressing  against  the  locking  by  the  whole  power  of  the  remontoire- 
spring ;  so  that  the  balance  has  only  to  remove  the  small  remaining  pressure^ 
which  does  away  that  objection,  and  also  that  of  the  disadvantage  of 
detents,  as  this  locking  may  be  compared  to  a  li^t  balance  turning  on 
fine  pivots,  without  a  pendulum-spring;  and  has  only  the  advantage  of 
banking  safe  at  two  turns  of  the  oahmce,  and  of  bemg  firmer,  and  less 
liable  to  be  out  of  repair,  than  any  locking  where  spring-work  is  used,  but 
likewise  of  unlocking  with  much  less  power.  It  was  then  observ^,  it 
required  more  power  to  make  it  go  than  usual.  Permit  me  to  say,  it 
requires  no  more  power  than  any  odier 'remontoire-'scapement,  as  the 
power  is  applied  in  the  most  mechanical  manner  possible.  And,  lastly,  it 
mm  sand,  &atit  eet  or  required  the  balance  to  vibrate  an  unusiuUly  large 
aich  before  the  piece  would  so.  This  depends  on  the  accuracy  of  the 
execution,  the  proportionate  diameter  and  weight  of  the  balance,  the 
strength  of  the  remontoire-spring,  and  the  length  of  the  pallets.  If  these 
circumstances  are  well  attended  to,  it  will  set  but  little  more  than  the  most 
generally  detached  'scapements." 

A  shows  the  scape-wheel,  fig.  534. 

B,  the  lever-paOety  or  an  arbor  with  fine  pivots,  having  at  the  lower 
endy 

C,  Ae  rcmontoire  or  sphal  spring  fixed  wWi  a  collar  and  stud,  as 
penddlun-springs  are. 

D»  the  pidlet  of  the  verge,  having  a  roller  turning  in  small  pivots  for  the 
Wver^pallet  to  act  against. 

1£»  pallets  to  discharge  the  locking,  with  a  roller  between,  as  in  fig.  535. 

F,  Uie  arm  of  the  locking-pallet  continued  at  the  other  end  to  make  it 
poise,  having  studs  and  screws  to  adjust  and  bank  the  quantity  of  motion. 

9  audd  6,  die  locking-pallets,  being  portions  of  circles,  festened  on  an 
aiWr  tttrning  on  fine  pivots. 
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G,  the  triple  fork,  at  the  end  of  the  arm  of  the  locking^palleU. 

«*  The  centre  of  the  lever-pallet  in  tlie  draft,  is  in  a  right  line  belw 
tlie  centre  of  tlie  scape-wheel  and  the  centre  of  the  verge,  though  in  the 
model  it  is  not :  but  may  be  so  or  not,  as  best  suits  the  calliper,  6c. 

*♦  The  scape-wheel  A,  with  the  tooth  1,  is  acting  on  the  lever-paDelB, 
and  has  wound  up  the  spring  C ;  the  verge  pallet  D  (turning  the  wwf 
represented  by  the  arrow)  the  moment  it  comes  within  the  TMch  of  the 
lever-pallet,  the  discharging  pallet  £,  taking  hold  of  one  prong  of  the  fed, 
lemoves  the  arm  F,  and  rekeves  the  tooth  3  from  the  convex  part  of  the 
lock  a.  The  wheel  goes  forward  a  little,  just  sufficient  to  permit  the  lerw- 
pallet  to  pass,  while  the  other  end  gives  tlie  impulse  to  the  balanoe :  tk 
toctli  4  of  the  wheel  is  then  locked  on  the  concave  side  of  the  lodi 
and  the  lever-palVst  is  stopped  against  the  tooth  5,  as  m  iig.  63C.  Si 
0ir  the  operation  of  giving  the  impulse,  in  order  again  to  wind  ik 
remontoire-spring,  (the  other  pallet  at  £,  in  the  return,  removing  the  am  f 
the  contrary  direction,)  relieves  the  tooth  3  from  the  lock  b.  The  vM 
again  goes  forward,  almost  the  whole  space,  from  tooth  to  tooth,  winds  tie 
spiral  spring  again,  and  comes  into  the  situation  of  iig.  534,  aad  thoslbe 
whole  performance  is  completed.  The  end  of  the  lower  pallet  B  restiag  • 
the  point  of  the  tooth  1,  prevents  the  wheel  exciting  its  full  force  on  tie 
lock  a,  as  in  fig.  534.  The  same  effect  is  producea  by  the  pallet  Iviif « 
the  tooth  5,  by  preventing  the  wheel  from  pressing  on  b  ;  and  tiMS  the 
locking  becomes  the  tightest  possible.  This  'scapement  may  be  mtA 
simplified  bv  putting  a  spring  with  a  pallet  made  in  it,  as  in  %.  6H 
instead  of  the  lever-pallet  and  spiral  spring.  The  operation  will  he  ■ 
other  respects  exactly  the  same,  avoiding  the  friction  of  the  pivots  of  the 
lever-pallet.  This  method  I  prefer  for  a  piece  to  be  in  a  state  of  rest,  »i 
clock,  but  the  disadvantage,  from  the  weight  of  the  spring  in  diArat 
positions,  is  obvious.  The  locking  may  be  on  any  two  teeth  of  the  lihed, 
as  may  be  found  most  convenient. 

PBNDULUMS. 

Thb  pendulum  is  a  simple  ponderous  body,  so  snspendeil, 
that  it  may  s\ving  backwards  and  forwards,  about  some  tbxi 
point,  by  the  mere  force  of  gravity. 

These  alternate  ascents  and  descents  of  the  pendulum  ne 
called  its  osdllatians,  or  vibratiotu ;  each  oscillation  beiB| 
the  arc  which  the  pendulum  describes  from  the  highest  pMt 
on  one  side  to  the  nighest  point  on  the  other  side.  The  pmiit 
round  which  the  pendulum  moves,  or  vibrates,  is  caUed  the 
axis  of  siispaision^  or  cefitre  of  motion  /  and  a  right  line  dniwn 
through  the  centre  of  motion,  parallel  to  the  horizon,  and  per- 
pendicular to  the  plane  in  which  the  pendulum  moves,  is  cauW 
the  axis  of  oscillation.  There  is  also  a  certain  point  wiAb 
every  pendulum,  into  which,  if  all  the  matter  that  composes 
the  pendulum  were  collected,  or  condensed,  as  into  a  point, 
the  times  in  which  the  vibrations  would  be  performed  worfi 
not  be  altered  by  such  condensation ;  and  tms  point  is  called 
the  centre  of  oscillation.  The  length  of  the  pendulnin  » 
always  estimated  by  the  distance  of  this  point  bdow  the 
centre  of  motion,  being  usually  near  the  bottom  of  the  peo- 
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dulum ;  but  in  a  slender  cylinder,  or  any  other  uniform  prism 
or  rod  suspended  at  the  top,  it  is  at  the  distance  of  one-third 
from  the  bottom,  or  two-thirds  below  the  centre  of  motion. 

The  length  of  a  pendulum,  so  meat>ured  to  its  centre  of 
oiM^illation  that  it  will  perform  each  vibration  in  a  second  of 
time,  thence  called  the  seconds'  pendulum,  has,  in  the  latitude 
of  Liondon,  been  generally  taken  at  39tV  or  39i-  inches ; 
but  by  some  very  ingenious  and  accurate  experiments,  the 
late  celebrated  Mr.  George  Graham  found  the  true  length  to 
be  39T»„Vir  inches,  or  39*^  inches  very  nearly. 

''ilie  length  of  the  pendulum  vibrating  seconds  at  Paris 
was  found  by  Varin,  Des  Hays,  De  Glos,  and  Godin,  to  be 
440^  lines;  by  Picard,  440^  Imes;  and  by  Mairan,  440h  lines. 

As  all  woods  and  metals  are  more  or  less  affected  by  changes 
of  temperature,  many  mgenious  contrivances  have  been  re- 
sorted to,  to  counteract  the  effects  of  heat  and  cold,  in  length- 
ening  or  shortening  a  pendulum-rod. 

The  first  person  who  observed  that,  by  change  of  tempera- 
ture, metals  changed  their  length,  was  uodfroi  Wendelinus ; 
aiitl  he  who  first  endeavoured  to  take  advantage  of  this  know- 
ledge, to  counteract  the  effects  of  heat  and  cold  upon  a  pen- 
dulum, was  Graham,  who,  in  the  year  171&>  suggested  that 
a  combination  of  rods  or  wires  of  different  metals  would  have 
n  tendency  to  that  effect ;  but  being  of  opinion  that  this  would 
not  be  qmte  adequate  to  the  desired  purpose,  he  did  never^ 
we  believe,  put  it  in  execution.  Still  continuing  hb  observa- 
tions^ he,  a  short  time  afterwards,  conceived  that  mercury^ 
from  its  great  expansion  by  heat,  was  more  adapted  to  the 
end  he  was  pursimig,  and  accordingly  we  find,  that,  by  the 
9th  of  June,  1722,  he  had  constructed  a  clock  which  had  a 
pendulum  upon  this  principle,  and  which  he  kept  continually 
going,  without  having  either  the  pendulum  or  the  hands 
alt^ed,  for  the  space  of  three  years  and  four  months,  during 
which  he  found  the  errors  of  his  were  but  about  one-eightn 
part  of  those  of  one  of  the  best  sort  of  common  clocks,  with 
which  he  had  compared  it  This  pendulum,  which  is  called 
the  mercurial  pendulum^  consists  of  a  rod  of  brass,  branched 
towards  the  lower  end,  so  as  to  embrace  a  cylindric  glass  jar 
13  or  14  inches  long,  and  about  two  inches  diameter ;  which, 
being  filled  about  12  inches  deep  with  mercury,  forms  the 
weight  or  ball  of  the  pendulum.  In  adjusting  this  pendulum, 
if  the  expansion  of  the  rod  be  too  great  for  that  of  the  mer- 
cury, more  mercury  must  be  poured  into  the  vessel ;  but  if 
the  expansion  of  the  mercury  exceed  that  of  the  rod,  so  as 
to  occasion  the  clock  to  go  fast  with  heat,  some  of  the  mercury 
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most  be  taken  out>  to  shortea  the  cplnnm.  Tim  w^n\nm, 
though  troublesome  to  construct,  because  any  filling  10  or 
taking  out  of  tlie  mercury  from  Uie  cylinder  or  glass  Jar,  to 
bring  about  the  compensation^  will  cause  a  change  of  place 
in  the  index-point  on  the  graduated  arch  or  index-plate,  if 
such  a  thing  be  used^  is^  notwithstanding  some  defect  maj 
arise  from  the  expansion  of  the  mercury  commencing  sooner 
than  that  of  the  rod,  of  much  practical  excellence,  'Die  mer- 
curial pendulum  has  been  much  improved  by  Reid ;  for  ao 
account  of  which  we  must  refer  our  readers  to  the  artide 
^'  Horology^"  written  by  this  gentleman^  and  inserted  in  the 
Edinburgh  Encjfclop<Bdia. 

Mr.  Harrison^  of  whom  we  have  already  spoken  under  the 
article  Chronometers,  some  time  previous  to  1726,  constructed 
a  pendulum  in  which  the  compensation  was  effected  by  the 
Of posite  contraction  of  difibrci^t  metals.  This  pendiilnn^ 
called  the  gridiron-pendulum^  from,  we  suppose,  its  bearing 
a  near  resemblance  to  the  culinary  implement  of  that  name, 
was  made  of  five  steel  and  four  bniss  rod$,  placed  in  alternate 
order,  the  middle  rod,  by  which  the  pendulum-ball  is  siss- 
pei^ied,  being  of  steel.  These  rods  are  so  connected  with 
each  other  at  their  ends,  that  while  the  expansion  of  the  steel 
rods  has  a  tendency  to  lengthen  tt^  pendulum,  the  expaniura 
of  the  brass  rods,  acting  upwards,  fends  to  shorten  it,  so  that 
by  the  combined  effect  the  pendidum  is  invariably  preserved 
of  the  same  length.  This  is  a  very  ingeniotts  and  simide 
contrivance,  and  the  only  objections  we  have  heard  u^ged 
against  this  mode  of  compensation  are,  Ist.  the  difficulty  of 
exactly  adjusting  the  length  of  the  rods ;  2dly.  of  propor- 
tioning their  thickness,  so  that  they  shall  all  b^gin  to  con- 
tract or  expand  at  the  same  instant ;  3dly.  the  connecting 
bars  of  a  pendulum  thus  constructed  are  apt  to  move  by  starts; 
4tiily.  this  kind  of  pendulum  is  more  exposed  to  the  air's 
resistance  than  a  simple  pendulum. 

Other  modes  of  constructing  pendulums  on  die  principle  of 
the  opposite  contraction  of  metals  have  been  contrived  by 
other  ingenious  artists,  among  whom  we  may  notice  £Uicott, 
Gumming,  Troughton,  Reid,  and  Ward. 

In  Ellicott's  pendulum  tiie  ball  was  adjustable  bv  levers 
fiience  called  the  lever-pendutuniy  which  can  never  oe  equal 
to  those  in  which  the  expansion  and  contraction  act  by  con- 
tact in  the  direct  line  of  the  pendulum-rod ;  the  construction 
nevertheless  evinced  great  ingenuity.  The  rod  of  this  pen- 
dulum was  composed  of  two  bars,  one  of  brass>  and  tiie  other 
of  steel.    It  had  two  levers^  each  sust^ning  its  half  of  the 
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ball  or  weight,  with  a  spring  under  the  lower  part  of  the  ball 
to  relieTe  the  lerers  from  a  considerable  part  of  its  weight, 
and  so  to  render  their  motioM  more  smooth  and  easy,  Tliese 
levers  were  placed  within  the  ball,  and  each  had  an  adjusting 
screw  to  lengthen  or  shorten  the  lever,  so  as  to  render  the 
adjustment  the  more  perfect.  See  the  Pbilos.  Transact. 
vol.  xlvii.  p.  479 ;  where  Mr.  Ellicott's  methods  of  construc- 
tion are  described  and  iUnstrated  by  figures. 

This  pendulum  was  much  improved  by  Gumming,  wh^ 
conceived  that  where  there  were  two  bars  only,  a  flexure  and 
unequal  bearing  would  take  place,  aikl  consequently  an  exact 
compensation  could  not  be  effected.  To  remedy  this,  he 
constructed  a  pendulum  of  one  fiat  bar  of  brass,  and  two  bars 
of  steely  and  used  three  levers  within  the  ball  of  the  pendulum, 
whereas  Mr.  EUicott  used  only  two.  Among  many  other 
ingenious  contrivances  for  the  mgre  accurate  a<Qusting  of  this 
pendulum  to  mean  time,  it  is  provided  with  a  small  ball  and 
acrew  bdow  the  {nrinctpal  ball  or  weight,  one  entire  revolu- 
tion of  wliich  on  its  screw  will  only  alter  the  rate  of  the 
cSoek's  gmng  one  second  per  ds^ ;  and  its  circumference  is 
dhided  into  80,  one  of  whick  divisions  will  therefboe  aker  ito 
rate  of  going  aae  seeond  in  a  month. 

Trcn^toa's  tutmlar^penduinm,  which  acts  on  the  prin- 
ciple of  the  griififon-pendulum,  is  a  very  neat  and  iuffenious 
contrivance,  k  is  constructed  ct  an  exterior  tube  of  brass, 
reaching  from  tbe  bob  nearly  to  the  top,  within  which  is 
another  tube,  and  five  brass  wires  in  its  belly,  so  disposed  as 
to  produce  altogether,  (Uke  Harrison^s  gridiron-penidulum,) 
tiiree  expansions  of  steel  downwards,  and  two  <»  brass  up- 
wards, whose  lengths  being  inversely  proportioned  to  their 
<filatation,  wben  properly  combined,  destroy  the  whole  effect 
that  either  metal  would  have  singly.  The  small  visible  part 
of  the  rod,  near  ihe  top,  is  a  brass  tube,  whose  use  is  to  cover 
tbe  upper  end  of  the  middle  wire,  whidi  is  single,  and  other- 
wise unsupported.  Drawings  of  this  pendulum  may  be  seen 
in  NtchoUotiH  Journal^  No.  36,  N.S. 

Reid's  pendulum  is  composed  of  a  zinc  tube,  and  three  long 
and  one  short  steel  rods,  connected  by  means  of  traverses. 
Two  of  these  long  rods  are  inserted  at  one  end  in  the  ball  of 
the  pendulum,  and  terminate  at  the  other  in  the  upper  tra- 
verse, which  keeps  them  exactly  parallel  with  respect  to  each 
other.  At  the  lower  ends  of  these  rods,  not  fiur  above  the 
ball,  is  another  traverse,  in  the  middle  of  which  the  short 
steel  rod  is  pinned,  descending  thence  through  the  centre  of 
the  ball.    Another  traverse  is  placed  a  little  above  this,  on 
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the  centre  of  which  the  zitic  tube  rests^  extenfing  upwards, 
and  pressing  against,  or  rather  pressed  by  the  upper  trarerK. 
The  third  or  centre  steel  rod  passes  through  a  hole  in  the 
upper  traverse^  equidistant  from  each  of  the  other  two  steel 
Toas,  thence  down  the  zinc  tube,  and  finally  is  pinned  to  the 
second  traverse,  or  that  traverse  on  which  the  sdnc  tube  rests. 
Bv  this  means^  the  centre  steel  rod,  when  lengthened  by  hesit, 
will  make  the  lower  end  of  the  zinc  tube  descend  with  it; 
but  the  same  cause  which  lengthens  the  steel  rod  downwards 
will  expand  the  zinc  tube  upwards,  and  this  will  carry  up  tk 
two  outside  steel  rods  with  wluch  the  ball  of  the  penduluai  h 
connected ;  their  expansion  downwards,  as  well  as  that  d 
the  centre  rod,  is  compensated  by  the  upward  expansion  d 
the  zinc  tube.  In  constructing  a  pendulum  upon  this  pv- 
dple,  it  would  be  proper  to  have  a  few  holes  in  the  tube,  far 
the  purpose  of  admittmg  air  more  freely  to  the  centre  rod. 

Ward's  pendulum  consists  of  two  flat  bars  of  steely  and  one 
of  anc,  connected  together  by  three  screws.  The  deacriptiai 
which  has  been  given  of  it  in  the  Transactions  of  the  Societf 
of  Arts,  &c.  for  the  year  1807^  and  the  pamphlet  whkfa 
Mr.  Ward  published  at  Blandford  in  1806,  contain  sufficiedt 
details  to  enable  any  common  clock-maker  to  copy  it. 

Before  we  conclude  this  article,  we  shall  brieflv  notice  the 
sympathy  or  mutual  action  of  the  pendulums  of  clocks. 

It  is  now  nearly  a  century  since  it  was  known  that  whei 
two  clocks  are  set  agoing  on  the  same  shelf,  they  will  disturb 
each  other;  that  the  pendulum  of  the  one  will  sU^  that  of 
the  other ;  and  that  tne  pendulum  which  was  stopped  will, 
after  a  while,  resume  its  vibrations,  and,  in  its  turn,  stop  thit 
of  the  other  clock,  as  was  observed  by  the  late  Mr.  Joha 
Ellicott.  When  two  clocks  are  placed  near  one  another,  d 
cases  very  slightly  fixed,  or  when  they  stand  on  the  this 
boards  of  a  floor,  it  has  been  long  known  that  thev  will  affect 
a  little  the  motions  of  each  other's  pendulum.  Mr.  Rllicott 
observed,  that  two  clocks  resting  against  the  same  rail,  whlcb 
agreed  to  a  second  for  several  days,  varied  1'  36"  in  twenty* 
four  hours  when  separated.  The  slower  having  a  longer 
pendulum,  set  the  other  in  motion  in  16v  minutes,  uid 
stopped  itself  in  36^  minutes. 
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BUILDING. 


Undbr  this  general  term,  which  implies  the  constmctioii 
of  an  edifice  according  to  the  rales  laid  down  by  the  differ-^ 
ent  artificers  employed,  we  purpose  to  treat  of  the  resi)ect-' 
ive  business  of  the  Mason,  Bricklayer,  Carpenter,  Joiner^ 
Pla^erer,  Plumber,  Pdnter,  and  Glazier;  previous  to  which 
it- will  be  necessary  to  consider  the  sinking  of  the  foundation^ 
the  due  mixture  of  the  ingredients  which  compose  the 
mortar,  and  the  art  of  making  bricks  ;  upon  the  whole  of' 
which  materially  depends  the  stability  of  an  edifice. 

As  firmness  of  foundation  is  indispensable,  wherever 
it  is  intended  to  erect  a  building,  the  earth  must  be  pierced 
by  an  iron  bar,  or  strack  with  a  raipmer,  and  if  found  to 
shake,  must  be  bored  with  a  well-sinker's  implement,  in 
order  to  ascertain  whether  the  shake  be  local  or  general. 
If  the  soil  is  in  general  good,  the  loose  and  soft  parts,  if 
not  very  deep,  must  be  excavated  until  the  labourers  arrive 
at  a  solid  bed  capable  of  sustuning  the  pier  or  piers  to  be 
built.  If  not  very  loose,  it  may  be  made  good  by  ramming 
iqto  it  very  lar^e  stones,  packed  close  together,  and  of  a 
breadth  proportionate  to  the  intended  weight  of  the  build- 
ing ;  but  where  very  bad,  it  must  be  piled  and  planked. 

in  placed  where  the  soil  is  loose  to  any  great  depth,  and 
over  which  it  is  intended  to  place  apertures,  such  as  doors, 
windows,  &c.  while  the  parts  on  which  the  piers  are  to 
stand  are  firm,  the  best  plan  is  to  turn  an  inverted  arch  un- 
der each  intended  aperture,  as  then  the  piers  in  sinking  will 
carry  with  them  the  inverted  arch,  and  by  compressing  the 
ground  compel  it  to  act  against  the  under  sides  of  the  arch, 
which,  if  closely  jointed,  so  far  from  yielding,  will,  with 
the  abutting  piers,  operate  as  one  solid  body  ^  but,  on  the 
contranr,  if  this  expedient  of  the  inverted  arch  is  not 
adopted,  the  part  of  the  wall  under  the  aperture,  being  of 
less  height^  and  consequently  of  less  weight  than  the  piers, 
will  give  way  to  the  resistance  of  the  soil  acting  on  its  base, 
and  not  only  injure  the  brick- work  between  the  apertures^ 
but  fracture  the  window-heads  and  ciUs. 
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In  oonstrncting  so  essential  a  part  as  the  ardi,  grett  at* 
tention  must  be  paid  to  its  curvature^  and  we  strmigly  n- 
commend  the  parabolic  curve  to  be  adopted^  as  the  moit 
effectual  for  ute  purpose ;  but  if,  in  cons^ueoce  of  its 
depth,  this  cannot  conTenieutly  be  introduc^,  the  arch 
should  never  be  made  less  than  a  semi-circle.  Tlie  bed  of 
the  piers  should  be  as  uniform  as  possible,  for,  though  the 
bottom  of  the  trench  be  very  firm,  it  will  in  some  degree 
yield  to  the  great  weight  that  is  upon  it,  and  if  the  soil  be 
softer  in  one  part  than  in  another,  that  part  which  is  the 
softest,  of  course  will  yield  more  to  the  pressure,  and  eanse 
a  fracture. 

If  the  solid  parts  of  the  trench  happen  to  be  under  the  in- 
tended apertures,  and  the  softer  parts  where  piers  are  wnt- 
ed,  the  reverse  of  the  above  practice  must  be  resorted  to; 
that  is,  the  piers  must  be  built  on  the  firm  parts,  and  hire 
an  arch  that  is  not  inverted  between  them.  In  perfiMrma^ 
this,  attention  must  be  paid  to  ascertain  whether  the  pier 
will  cover  the  arch ;  for  if  the  middle  of  the  pier  rest  owr 
the  middle  of  the  summit  of  the  arch,  the  narrows  the 

!>ier  is,  the  greater  should  be  the  curvature  of  the  arci  it 
tsapex.  When  suspended  arches  are  used,  the  intiadai 
augnt  to  be  kept  clear  of  the  ground,  that  the  urch  nuT 
have  its  dueefiect. 

When  the  ground  is  in  such  a  state  as  to  require  the  km- 
dation  merely  to  be  rammed,  the  stones  are  hammer-dreiB> 
ed,  so  as  to  be  as  little  taper  as  possible,  then  laid  of  > 
breadth  proportioned  to  the  weight  that  is  to  be  rested  npoo 
them,  and  afterwards  well  rammed  together.  In  geaai, 
the  lower  bed  of  stones  may  be  allowed  to  project  aboot  a 
foot  from  the  face  of  the  wall  on  each  side,  and  on  this  bed 
another  course  may  be  laid  to  bring  the  bed  of  stones  oo  a 
level  with  the  top  of  the  trench.  The  breadth  of  thii 
upper  bed  of  stones  should  be  four  inches  less  than  the  lower 
one ;  that  is,  projecting  about  ei^ht  inches  on  either  side 
of  the  wall.  In  all  kinds  of  wallmg,  each  joint  of  emy 
course  must  fall  as  nearly  as  possible  in  the  centre,  be* 
tween  two  joints  of  the  course  immediately  below  it ;  fof 
in  all  the  various  methods  of  laying  stones  or  bricks,  the 
principal  aim  is  to  procure  the  greatest  lap  on  each  other. 

MORTAR. 

In  mddn^  jnortar,  particular  attention  must  he  f^ 
to  the  quality  of  the  sand,  and  if  it  contain  any  propor^ 
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Uon  of  clay  of  imid;^  or  is  brought  from  the  aea-shore  and 
oontaiDs  saHne  particles,  it  must  be  washed  in  a  stream 
of  clear  water  till  it  be  divested  of  its  imparities.  The 
necessity  of  the  first  has  been  clearly  proted  by  Mr.  Smeaton^ 
v^ho^  in  the  course  of  a  long  and  meritorious  attention  to 
his  profession  of  an  engineer,  has  found,  that  when  mortar, 
though  otherwise  of  the  best  quality,  is  mixed  with  a  small 
proportion  of  unburnt  day,  it  never  acouires  that  hardness 
v^hich,  without  it,  it  would  have  attained ;  and,  with  respect 
to  the  second,  it  is  evident,  that  so  long  as  the  sand  contains 
saline  particles  it  cannot  become  hard  and  dry.  The  sharper 
and  coarser  the  sand  is  the  better  for  the  mortar,  and  the  less 
the  quantity  of  lime  to  be  used;  and  sand  being  the 
cheapest  of  the  ingredients  which  compose  the  mortar, 
it  is  more  profitable  to  the  maker.  The  exact  proportionsr 
of  lime  and  sand  are  still  undetermined  ;  but  in  general  no 
more  lime  is  required  than  is  just  sufficient  to  surround 
the  particles  of  the  sand,  or  sufficient  to  preserve  the 
necessary  degree  of  plasticity. 

Mortar,  in  which  sand  forms  the  greater  portion  requires 
leas  water  in  its  preparation,  and  consequently  is  sooner 
set.  It  is  also  harder  and  less  liable  to  shrink  in  drying, 
because  the  lime,  while  drying,  has  a  greater  tendency  to 
shrink  than  sand,  which  retains  its  original  magnitude. 
The  general  proporticms  given  by  the  London  builders  is  If 
cwt.,  or  37  bushels,  of  Ume  to  2^  loads  of  sand ;  but  if 
proper  measures  be  taken  to  procure  the  best  burnt  lime 
mod  the  best  sand,  and  in  tempering  the  materials,  a  greater 
portion  of  sand  may  be  used.  There  is  scarcdy  any 
mortar  that  has  the  lime  well  calcined,  and  the  com-^ 
position  well  beaten,  but  that  will  be  found  to  require 
two  parts  of  sand  to  one  part  of  unslacked  lime ;  and  it  is 
wortny  of  observation,  that  the  more  the  mortar  is  beaten 
the  less  proportion  of  lime  suffices. 

Many  experiments  have  been  made  with  a  view  to  obtain 
the  most  useiul  proportion  of  the  ingredients,  and  among 
the  rest  Dr.  Higgins  has  given  the  following : — 

Lime  newly  slacked  one  part. 
Fine  sand  three  parts;  and 
Coarse  sand  four  parts. 

He  also  found  that  one-fourth  of  the  lime  of  bone-ashes 
greatly  improved  the  mortar,  by  giving  it  tenacity,  and  ren* 
dering  it  less  liable  to  crack  in  ihe  drying. 

It  is  best  to  slack  the  lime  in  smaU  quantities  as  required 
2m2 
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fbr  use,  about  a  bushel  at  a  time,  in  order  to  secure  to  tiie 
mortar  such  of  its  qualities  as  would  evaporate  were  it 
allowed  to  remain  slacked  for  a  length  of  time.  But  if  the 
mortar  be  slacked  for  any  considerable  time  previous  to 
being  used,  it  should  be  kept  covered  up,  and  when  wanted 
be  re-beaten.  If  care  be  taken  to  secure  it  from  the  action 
of  the  atmosphere,  it  may  thus  remain  covered  up  for  a 
considerable  period  without  its  strength  being  in  the  least 
aflfected  ;  ana,  indeed,  some  advantages  are  gained,  for 
it  sets  sooner,  id  less  liable  to  crack  in  the  drying,  and  is 
harder  when  dry. 

Grouty  which  is  a  cement  containing  a  laiger  proportioo 
of  water  than  the  common  mortar,  is  used  to  run  into  tbe 
narrow  interstice  and  irregular  courses  of  rubble-stooe 
walls  ;  and  as  it  is  required  to  concrete  in  the  coarse  of  a 
day,  it  is  composed  oi  mortar  that  ha»  been  a  long  time 
made  and  thoroughly  beaten. 

Mortar,  composed  of  pure  Kme,  sand,  and  water, 
may  be  employed  in  the  linings  of  reservoirs  and  aqoe- 
ducts,  provided  a  sufficient  time  is  allowed  for  it  to  dry 
before  the  water  is  let  in ;  but  if  a  sufficient  time  is  boc 
allowed,  and  the  water  is  admitted  while  the  mortar  is  wet, 
it  will  soon  fall  to  pieces.  There  are,  however,  certain  in- 
gredients which  may  be  put  into  the  common  mortar  to 
make  it  set  immediately  under  the  water ;  or,  if  the  qui^- 
lime  composing  the  mortar  contain  in  itself  a  certain  por- 
tion of  burnt  clay,  it  will  possess  this  property.  For  foither 
information  on  this  head  the  reader  is  referred  to  tbe 
sub-head — Plastering. 

BRICKS. 

The  earth  best  adapted  for  the  manufacture  of  brick  is  of 
a  clayey  loam,  neither  containing  too  much  argillaceoua  mat 
ter,  which  causes  it  to  shrink  in  the  drying,  nor  too  mock 
sand,  which  has  a  tendency  to  render  the  ware  both  beai} 
and  brittle.  It  should  be  dug  two  or  three  years  before  it 
IS  wrought,  that  it  may^  by  an  exposure  to  the  action  of  tbe 
atmosphere,  lose  the  extraneous  matter  of  which  it  is  pos- 
sessed when  first  drawn  from  its  bed  ;  or,,  at  least,  should 
be  allowed  to  remain  one  winter,  that  the  frost  may  meUow 
and  pulverize  it  sufficiently  to  facilitate  the  operation  of 
tempering.  As  the  quality  of  the  brick  b  greatly  dependent 
upon  the  tempering  of  the  clay,  great  care  should  be  taken 
to  have  this  part  of  the  process  well  don^.  Formerty  tbe 
manner  of  performing  it  consisted  in  throwing  the  day  into 
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shallow  irits,  and  sabiecting  it  to  'the  tread  of  men  and' 
oxen  ;  but  this  method  has  of  late  been  superseded  by  the 
clay  or  pog  mill,  which  is  a  very  eligible^  though  simple 
machine. 

The  clay  or  pug  mill  consists  of  a  large  vertical  cone^ 
liaving  strong  knives  with  a  spiral  arrangement  and  inclina- 
tion fixed  on  its  internal  surface.    Passing  through  the 
centre,  and  terminating  in  a  pivot  at  the  bottom,  is  a  strong 
perpendicular  shaft  with  similar  radiating  knives,  so  that 
the  knives  by  the  revolution  of  the  shaft,  cut,  separate,  and 
purify  the  clay,  till  it  be  reduced  to  a  homogeneous  paste, 
i^^hich  passes  through  an  orifice  at  the  bottom  into  a  receiver 
placed  for  that  purpose.    The  clay  is  taken  from  the  re- 
ceiver to  the  moulder's  bench,  and  is,  either  by  a  lad  or  a 
i^oman,  ,cut  into  pieces  somewhat  larger  than  the  mould, 
and  passed  on  to  the  moulder,  who  works  it  into  a  mould, 
previously  dipped  in  sand,  and  strikes  off  the  superfluous 
parts  with  a  flat  smooth  piece  of  wood.    In  this  country  the 
mould  used  is  about  ten  inches  in  length,  and  five  inches  in 
breadth,  and  the  bricks  when  burnt  are  about  nine  inches 
long,  four  and  a  half  inches  broad,  and  two  and  a  half  inches. 
thick.    The  degree  of  sbringing,  however,  is  various,  ac- 
cording to  the  temper  and  purity  of  the  clay,  and  the  de- 
gree of  beat  attained  in  the  burning.    A  handy  moulder  is 
calculated  to  mould  from  about  6000  to  7000  per  day.  From 
the  moulder's  bench  the  bricks  are  carried  to  the  hack,  and 
arranged  somewhat  diagonally,  one  above  the  other,  and  two 
edgewise  across,  with  a  passage  between  the  heads  of  each 
for  the  admission  of  air,  till  they  be  eight  bricks  in  height. 
They  are  then  left  to  dry.    The  time  they  take  ere  they  re- 
reqnire  shifting  depends  entirely  upon  the  weather,  which 
when  fine  will  be  but  a  few  days  :  they  are  then  turned  and 
re-set  wider  apart,  and  in  six  or  eight  days  are  ready  for  the 
clamp  or  kiln. 

Clamps  acre  generally  used  in  the  vicinity  of  London. 
They  are  made  of  the  bricks  to  be  burnt,  and  are  commonly 
of  an  oblong  form.  The  foundation  is  made  either  with  the 
driest  of  the  bricks  just  made,  or  with  the  commonest  kind 
of  brick,  called  place  bricks.  The  bricks  to  be  burnt  are 
arranged  tier  upon  tier  as  high  as  the  clamp  is  intended  to 
be^  and  a  stratum  of  breeze  or  cinders  to  the  depth  of  two 
or  three  inches  is  strewed  between  each  layer  of  bricks,  and 
the  whple  ^  finally  covered  with  a  thick  stratum  of  breeze. 
At  the  west  end  of  the  clamp  a  perpendicular  fire-place  of 
j^>oat  three  feet  in  height  is  constructed,and  flues  are  formed 
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by  arehiQg  the  bricks  over  so  as  to  leave  a  space  oi  aboot 
a  brick  in  width.  The  flues  run  straight  through  the  damf^ 
and  are  filled  with  a  mixture  of  cods,  wood,  and  breeze, 
which  are  pressed  closely  together.  If  the  bricks  are  re- 
quired  to  -be  burnt  off  quickly,  which  can  be  accomplished 
in  the  space  of  from  twenty  to  thirty  days  according  to  th6 
state  of  the  weather,  the  flues  must  not  exceed  six  feet  dis- 
tance i^art ;  but  if  there  is  no  urgent  demand,  the  floes 
;ieed  not  be  nearer  than  nine  feet,  and  the  clamp  may  be 
allowed  to  burn  slowly. 

Coke  has  been  recommended  as  a  more  suitable  fael  tot 
bricks  than  either  coal  or  wood,  as  the  dimensions  of  the 
flues  and  the  stratum  of  the  fuel  are  not  reauired  to  be  so 
great,  which,  since  the  measurement  of  the  clamp  has  ben 
restricted  to  certun  limits  by  the  interference  of  the  legis- 
l^ure^  is  a  point  of  some  consideration ;  besides,  the  beil 
uisine  from  the  coke  is  more  uniform  and  more  intense  thai 
what  IS  produced  by  the  other  materials,  so  that  the  burn- 
ing of  the  bricks  is  more  likely  to  be  perfect  through- 
out. The  saving  which  is  thus  produced  may  be  calcukted 
lit  about  32  per  ceni;. 

Kilns  are  also  in  common  use,  and  are  in  many  respects 
preferable  to  the  clamp,  as  less  waste  arises,  less  fuel  is 
consumed,  and  the  bricks  are  sooner  burnt.  A  kiln  wiB 
burn  about  20,000  bricks  at  a  time.  The  walls  of  a  Idhi  are 
about  a  brick  and  a  half  thick,  and  incline  inwards  towards 
the  top,  so  that  the  area  of  the  upper  part  is  not  more  than 
114  sauare  feet.  The  bricks  are  set  on  flat  arches^  with 
boles  left  between  them,  resembling  lattice-work  ;  and, 
when  the  kiln  is  completed,  are  they  covered  with  pieces  of 
broken  bricks  and  tiles,  and  some  wood  is  kindled  and  pot 
in  to  dry  them  gradually.  When  sufficiently  dried,  whidi 
is  known  by  the  smoke  changing  from  a  dark  to  a  light 
transparent  colour,  the  mouths  of  the  kiln  are  stof^ied 
with  pieces  of  brick,  called  shinlo^f  piled  one  upon  ano- 
ther, and  closed  over  with  wet  brick-earth.  The  slunlogs 
are  carried  so  high  as  just  to  leave  room  for  one  faggot  to 
be  thrust  into  the  kiln  at  a  time,  and  when  the  brush-^vood, 
furze,  heath,  fiEi^ots,  &c.  are  put  in,  the  fire  is  kindled, 
and  the  burning  of  the  kiln  commences.  The  fire  is  kept 
up  till  the  arches  assume  a  white  appearance,  and  Uie 
flames  appear  through  the  top  of  the  kun ;  upon  which  the 
fire  is  allowed  to  slacken,  and  the  kiln  to  cool  by  desreea. 
This  process  of  alternately  heating  and  slacking  the  kiln  is 
iN^ntinued  till  the  bricks  are  thoroughly  bumt^  whieh^  in 
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^ 1,  is  ifi  tke  Bpace  of  for^jr-dgkt  boors.     The  practiee 

of  steepfaig  bricks  in  water  after  they  have  been  bamed, 
mud  ^i^bvming  them  again^  has  the  effect  of  considerably 
improTBig  the  qoality. 

Bricks  are  of  se^^eral  kinds,  the  most  nsnal  of  which  are 
marls,  stocks,  and  pkce  brides;  but  there  is  litde  dif- 
fercBce  in  the  mode  of  mannfacturing  them,  except  thaft 
great  care  is  taken  in  preparing  and  tempering  the  marls. 

The  finest  marls,  called  firsts,  are  selected  for  the  arches 
of  doorways,  &c.  and  are  rubbed  to  their  proper  form  and 
dimensions:  and  the  next  best,  called  seconds,  for  the 
principal  fronts.  The  colour,  a  light  yellow,  added  to  the 
smootn  texture,  and  superior  durability  of  the  marls,  giro 
tlwm  the  precedence  of  tne  other  descriptions  of  brick. 

Qrey  stocks  are  somewhat  like  the  seconds,  but  of  infe«- 
rior  quality. 

Place  bncks,  sometimes  called  pickings,  sandal,  or  samel 
bricks,  are  such  as  from  being  the  outermost  in  the  damp 
or  kihi,  have  not  been  thoroughly  burned,  and  are,  in  con-* 
secmence,  soft,  of  uneven  texture,  and  of  a  red  colour. 

There  are  tdso  burrs  or  clinkers,  arising  from  the  bricks 

being  too  violently  burned,  and  sometimes  several  bricks  are 

found  run  together  in  the  Idln.  They  derive  their  colour  from 

the  nature  of  the  soil  of  which  thev  are  composed,  which, 

in  general,  is  very  pure.    The  best  kind  are  used  as  cutting 

bricks,  and  are  called  red  rubbers.    In  old  .buildings  they 

are  very  frequently  to  be  seen  ground  to  a  fine  smooth  sur- 

ftce,  and  set  in  putty  instead  of  mortar,  as  ornaments  over 

arches,  windows,  door-ways,  &c. ;  but  though  there  are 

many  beautiful  specimens  of  red   brick-wonc,  yet  these 

bricks  cannot  be  judiciously  used  for  the  front  walls  of  build*- 

ings.  This  objection  arises  from  the  colour  being  too  heavy, 

and  from  its  conveying  to  the  mind,  in  the  summer  monthly 

an  unpleasant  idea  of  neat ;  to  which  may  be  added,  that  as 

the  fronts  of  the  buildings  have  a  greater  or  less  proportion 

af  stone  and  painted  wood-work,  the  contrast  in  tne  colours 

IS  altogether   injudicious.     The   colour  of   grey  stocks, 

on  the  contrary,  assimilates  so  much  with  the  stones  and 

paint,  that  they  have  obtained,  in  and  near  London,  univer^ 

sal  preference. 

At  the  village  of  Hedgerley,  near  Windsor,  red  bricks 
are  made  which  will  stanof  the  greatest  heat :  they  are  called 
Windsor  bricks. 

Bricks  used  for  paving,  are  generally  about  an  inch  and  a 
half  in  breadth  ;  and>  beside  these,  there  are  paving  tiles^ 
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fhich  are  made  of  a  stronger  olay,  and  are  <^  a  red  ookmr. 
he  largest  are  about  twelve  inches  square^  and  one  inck 
and  a  half  thick :  the  next^  though  called  ten-inch  tiles,  aie 
libout  nine  inches  square,  and  one  inch  and  a  quarter  thick. 
About  the  year  1795,  a  patent  was  obtained  by  Mr.  Cart- 
wright,  for  an  improved  system  of  making  brickB,  of 
which  the  following  extract  will  fiimish  the  reader  wkk 
|dl  necessary  information. 

^'  Imagine  ft  eonimon  brick,  with  ft  groove  or  rftbite  on  each  tide  doti 
ih»  middle,  rather  more  than  half  the  width  of  Uie  side  of  the  brick ;  i 
shoulder  will  thus  be  left  on  either  side  of  the  groore,  eadi  of  which  «i 
be  nearly  equal  to  one  quarter  of  the  width  of  the  tide  of  the  brick,  orta 
one  half  of  the  groove  or  rebate.  A  course  of  these  bricks  being  Ui 
shoulder  to  shoulder,  they  will  form  an  indented  line  of  nearly  c^ 
dlvisipnt*  the  grooves  or  rebates  being  somewhat  wider  than  the  at- 
joining  shoulders,  to  allow  for  the  mortar  or  cement.  When  the  cotne 
IS  laid  on,  the  shoulders  of  the  bricks,  which  compose  it,  will  hJl  uM 
grooves  of  the  first  course,  and  the  shoulders  of  the  first  coarse,  w31  ft 
into  the  grooves  or  rabates  of  the  second,  and  so  with  every  succee£if 
course.  Buildings  constructed  with  this  kind  of  brick,  will  requires! 
bond  timbers,  as  an  universal  bond  runs  through  the  whole  boiUiBg,  tti 
holds  all  the  parts  together  ;  the  walls  of  wUch  will  neither  crMksir 
bilge  without  breaking  through  themselves.  When  bricks  of  this  cot- 
Btruction  are  used  for  arches,  the  sides  of  the  grooves  should  form  tk 
radii  of  the  circle,  of  which  the  intended  arch  is  a  segment ;  yet  if  tk 
circle  be  very  large,  the  difference  of  the  width  at  the  top  and  bottoavil 
be  so  very  tnfling,  as  to  render  a  minute  attention  to  tins  scarcely  if  st  il 
necessar^.  Jn  arch-work,  the  bricks  may  either  be  lud  in  mortar,  or  dry, 
and  the  mterstices  afVerwards  filled  up  by  pouring  in  lime,  putty,  pitfter  d 
Paris,  &c.  Arches  upon  this  principle,  having  any  lateral  pressure,  en 
neither  expand  at  the  foot,  nor  spring  M  the  crown,  consequently  tkj 
want  no  abutments,  requiring  only  perpendicular  walls  to  be  let  iato»  « 
to  rest  upon ;  neither  will  they  want  any  superincumbent  weight  oa  te 
crown  to  prevent  their  springing  up.  The  centres  also  may  be  struck 
immediately,  so  that  the  same  centre,  which  never  need  be  manyftet 
wide,  may  be  regularly  shifted  as  the  work  proceeds.  Bat  the  mi^ 
striking  advantage  attending  this  invention  is,  Uie  security  it  aioti> 
ayainst  the  ravages  of  fire ;  for,  from  the  peculiar  properties  of  tfcii 
kmd  of  arch,  requiring  no  abutments,  it  may  be  laid  upon,  or  let  ioto 
common  walls,  no  stronger  than  what  is  required  for  timbers  so  u  to  sd- 
init  of  brick  floorings.** 

Having  said  thus  much  on  the  laying  of  the  foundation, 
the  mixing  of  the  mortar,  and  the  manufacture  of  the 
brick,  we  shall  next  proceed  to  treat  on  the  princii^es  of 
fhe  art  of  masonry,  as  practised  in  the  present  day. 

MASONHT^ 

jls  the  art  of  cutting  stones,  and  building  them  into  » 
mass,  so  as  to  form  the  regular  surfaces  which  are  required 
In  the  construction  of  an  edifice. 
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Tbe  chief  business  of  the  mason  is  to  prepare  t)ie  siooei^ 
make  Uie  mortar,  raise  the  wall  with  the  necessary  breaks^ 
prqjections,  arches,  apertures,  &c.,  and  to  construct  the 
vaults,  &c.  as  indicatea  by  the  design. 

A  wall  built  of  unhewn  stone,  whether  it  be  built  with 
mortar  or  otherwise,  is  called  a  rubble  wall.  Rubble  work 
is  of  two  kinds,  coursed  and  uncoursed.  In  coursed  rub- 
ble the  stones  are  gauged  and  dressed  by  the  hammer^ 
and  thrown  into  different  heaps,  each  heap  containing  stones 
of  equal  thickness ;  and  the  masonry,  which  may  be  of  dif- 
ferent thicknesses,  is  laid  in  horizontal  courses.  In  un- 
coursed rubble  the  stones  are  placed  promiscuously  in  tt^e 
Mrall,  without  any  attention  being  paid  to  the  placing  them 
in  courses ;  and  the  only  preparation  the  stones  undergo, 
is  that  of  knocking  off  the  sharp  angles  with  the  thick 
end  of  a  tool  called  a  scabling  hammer.  Walls  are  ge- 
nerally built  with  an  ashlar  facing  of  fine  stone,  averaging 
about  four  or  five  inches  in  thickness,  and  backed  with  rub- 
ble work  or  brick. 

Walls  backed  with  brick  or  uncoursed  rubble,  are  liable 
to  become  convex  on  the  outside,  from  the  great  number 
of  joints,  and  the  difficulty  of  placing  the  mortar,  which 
shrinks  in  proportion  to  the  quantity,  in  equal  portions, 
io  each  jomt ;  consequently,  walls  of  this  description  are 
much  inferior  to  those  where  the  facing  and  backing  are 
built  of  the  same  material,  and  with  equal  care,  even  though 
both  of  the  sides  be  uncoursed.  When  the  outside  of  a 
wall  is  faced  with  ashlar,  and  the  inside  is  coursed  rubble, 
the  courses  of  the  backing  should  be  as  high  as  possible, 
and  set  within  beds  of  mortar.  Coursed  rubble  and  brick 
backings  are  favourable  for  the  insertion  of  bond  timber  ; 
but,  in  good  masonry,  wooden  bonds  should  never  be  in 
continu^  lengths,  as  in  case  of  either  fire  or  rot  the  wood 
will  perish,  and  the  masonry  will,  by  being  reduced^  be 
liable  to  bend  at  the  place  where  the  bond  was  inserted. 

When  timber  is  to  be  inserted  into  walls  for  the  purposes 
of  fostenin^  buttons  for  plastering,  or  skirting,  &c.,  the 
pieces  of  timber  ought  to  be  so  disposed  that  the  ends  of 
the  pieces  be  in  a  line  with  the  wall. 

In  a  wall  faced  with  ashlar,  the  stones  are  generally  about 
2  feet  or  2.J  feet  in  length,  12  inches  in  height  and  8  inches 
in  thickness.  It  is  a  very  good  plan  to  incline  the  back  of 
each  stone,  to  make  all  the  backs  thus  inclined  run  in  the 
same  direction,  which  gives  a  small  degree  of  lap  in  the 
setting  of  the  next  course ;  whereas,  if  the  backs  are  paral* 
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lei  to  the  front,  there  can  be  no  lap  \diere  die  atones  mof 
an  equal  depth  in  the  thidoiess  of  the  wall.  It  is  also  ad* 
vanti^eous  to  the  stability  of  the  wall  to  select  the  stbnes,  is 
that  a  thicker  and  a  thinner  one  may  succeed  eadi  oAer 
alternately.  In  each  course  of  ashlar  facii^,  either  widi 
rubble  masonry,  or  brick  backing,  thorough-«tones  shovU 
occasionally  be  introduced,  and  their  number  be  in  pro- 
portion to  the  length  of  the  course.  In  every  succeed 
course,  the  thorough  .stones  should  be  placed  in  the  midde 
of  every  two  thorough-stones  in  the  course  below ;  and 
this  disposition  of  bonds  should  be  pimctuaUy  attended  to 
in  all  cases  where  the  courses  are  of  any  great  leugdi. 
Some  masons,  in  order  to  prove  that,  they  have  introduced 
sufficient  bonds  into  their  work,  choose  thorough-stones  of 
a  greater  length  than  the  thickness  of  the  wall,  and  afie^ 
wards  cut  off  the  ends ;  but  this  is  far  from  an  digible  pliB, 
as  the  wall  is  not  only  subject  to  be  shidcen,  but  the  stone » 
itself  apt  to  split.  In  every  pkr,  between  windows  and 
other  apertures,  every  alternate  jamb-stone  ought  to  eo 
through,  the  wall  with  its  bed  perfectly  level.  When  ttc 
jamb-stones  are  of  one  entire  height,  as  is  freqaentty  die 
case  when  architraves  are  wrought  upon  them,  upon  the 
lintel  crowning  them,  and  upon  the  stones  at  the  ends  of 
the  courses  of  the  pier  which  are  adjacent  to  the  arcfaitrR?e- 
jamb,  every  alternate  stone  ought  to  be  a  thorough-stone: 
and  if  the  piers  between  the  apertures  be  very  narrow,  no 
other  bond-stone  is  required;  but  where  the  piers  are  wide, 
the  number  of  bond-stones  are  proportioned  to  the  space. 
Bond-stones  must  be  particularly  attended  to  in  all  1od$ 
courses  below  and  above  windows. 
All  vertical  joints,  after  receding  about  an  inch  with  a  dose 

{'oint,  should  widen  gradually  to  the  back,  thereby  forming bd* 
ow  spaces  of  a  wed^-  like  ngure,  for  the  reception  of  mortar, 
rubble,  &c.  The  adjoining  stones  should  have  their  beds  vai 
vertical  joints  filled,  from  the  face  to  about  three  quarters 
of  an  inch  inwards,  with  oil  and  putty,  and  the  rest  of  tit 
beds  must  be  filled  with  well-tempered  mortar.  Putty  ce- 
ment will  stand  longer  than  most  stones,  and  will  eres 
remain,  permanent  when  the  stone  itself  is  mutilated.  AU 
walls  cemepted  with  oil-putty,  at  first  look  unsightly ;  bat 
this  disagreea])le  effect  ceases  in  a  year  or  less,  when,  if 
care  has  been  taken  to  make  the  colour  of  the  putty  suitable 
to  that  of  the  stone,  the  joints  will  hardly  be  perceptible. 

In  selecting  ashlar,  the  mason  should  take  care  that  each 
stone  iuvaric^ly  lays  on  its  natural  bed ;  as  from  caress- 
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DOM  IB  tUs  partkmlar^  die  stones  frequently  flush  at  Uie 
joints^  and  sooner  admit  the  corrosive  power  of  the  atmos- 
phere to  take  eSkcU 

It  ought  also  to  be  observed,  that,  in  building  walls,  or 
insulated  pillars  of  small  horizontal  dimensions,  every 
stone  should  have  its  bed  perfectly  level,  and  be  without 
any  concavity  in  the  middle  $  because,  if  the  beds  are  con- 
oave,  the  joints  will  most  probably  flash  when  the  pillars 
b^^  to  sustain  the  weight  of  the  building.  Care  should 
also  be  taken,  that  every  course  of  masonry  in  such  piers 
be  of  one  stone. 

Having  thus  given  to  the  practical  mason  an  outline 
of  the  subject  of  walling,  we  will  proceed  to  the  con- 
sideration of  the  more  dfflcc^t  branches  of  the  art,  that 
of  constructing  arches  and  vai^ts. 

DEFINITIONS. 

An  archj  in  masonry,  is  that  part  of  a  building  which  is 
suspended  over  a  given  plane,  supported  only  at  its  extre- 
mities, and  concave  towards  the  plane. 

The  upper  surfece  of  an  arch  is  called  the  extrados  ;  and 
the  under  surface,  or  that  which  is  opposite  the  plan,  the 
iniriidos. 

The  supports  of  an  arch  are  called  the  spring  walls. 

The  springing  lines^  are  those  common  to  the  supports 
and  the  intrados  ;  or  the  line  which  forms  the  intersection 
of  the  arch  with  the  surface  of  the  wall  which  supports  it. 

The  chordf  or  span,  is  a  line  extending  from  one  springing 
line  to  the  opposite  one. 

Section  of  the  hollow  of  the  arch,  is  a  vertical  plane,  sup- 
posed to  be  contained  by  the  span  and  the  intraaos. 

The  height,  or  rise  of  the  arch,  is  a  line  drawn  at  right 
angles'  from  the  middle  of  the  chord,  or  spanning  line,  to 
the  intrados. 

The  crown  of  the  arch  is  that  part  which  the  extremity  of 
tbeperpendicular  touches. 

Tne  hauncheSf  or  fianks,  of  the  arch,  are  those  parts  of 
the  curve  between  tne  crown  and  the  springing  line. 

When  the  base  of  the  section,  or  spanning  line,  is  paral- 
lel to  the  horizon,  the  section*  will  consist  of  two  equal  and 
sitnilar  parts,  so  that  when  one  is  applied  to  the  other,  they 
will  be  found  to  coincide. 

Arches  are  variously  named  according  to  the  figure  of  the 
section  of  a  solid  that  would  fill  the  void,  as  circular,  eltip  - 
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Heal,  cycUMal,  catencariany  paraboKcaly  &c.    There  are  also 
pointed,  composite,  and  lancet,  or  Gothic  arches. 

A  rampant  arch  is  when  the  springing  lines  are  of  two 
nneqiial  neights. 

When  the  intrados  and  extrados  of  an  arch  are  paraUd»  it 
is  said  to  be  extradossed. 

There  are,  however,  other  terms  much  used  by  masons; 
for  example,  the  semicircular  are  called  perfect  arches,  and 
those  less  dian  a  semicircle,  imperfect,  surhused,  or  dimi- 
nished  arches. 

Arches  are  also  called  surmounted,  when  they  are  higher 
than  a  semicircle. 

A  vault  is  an  arch  used  in  the  interior  of  a  buiklii^ 
overtopping  an  area  of  a  giv(;n  boundary,  as  a  passage,  «r 
an  apartment,  and  supported  by  one  or  more  walls,  or  pi- 
lars, placed  without  the  boundary  of  that  area. 

Hence  an  arch  in  a  wail  is  seldom  or  never  called  a  vaolt; 
and  every  vault  may  be  called  an  arch,  but  every  arch  can- 
not be  termed  a  vault. 

A  groin  vault,  is  a  complex  vault,  formed  by  the  intersec- 
tion of  two  solids,  whoso  surfaces  coincide  with  the  intra- 
dos of  the  arches,  and  are  not  confined  to  the  same  heights. 
An  arch  is  [  said  to  stand  upon  splayed  jambs,  when  tbe 
springing  lines  are  not  at  right  angles  to  the  face  of  the  ¥raD. 

In  the  art  of  constructing  arches  and  vaults,  it  is  neces- 
sary to  build  them  in  a  mould,  until  the  whole  is  closed: 
the  mould  used  for  this  purpose  is  called  a  centre.  The  in- 
trados of  a  simple  vault  is  generally  formed  of  a  portioD  of 
a  cylinder,  cylindroid,  sphere,  or  spheroid,  that  is^  never 
greater  than  the  half  of  the  solid  :  and  the  springing  lino 
which  terminate  the  walls,  or  when  the  vault  b^ins  to 
rise,  are  generally  straight  Unes,  parallel  to  the  axis  of  the 
cylinder,  or  cylindroid. 

A  circular  wall  is  generalljr  terminated  with  a  sphmcti 
vault,  which  is  either  hemispherical,  or  a  portion  oft 
sphere  less  than  an  hemisphere. 

Every  vault  which  has  an  horizontal  straight  axis,  is  call- 
ed a  straight  vault ;  and  in  addition  to  what  we  have  already 
said,  the  concavities  which  two  solids  form  at  an  angle,  re- 
ceive likewise  the  name  of  arch. 

An  arch,  when  a  cylinder  pierces  another  of  a  greater  dia- 
meter, is  called  cvlindro-cylindric.  The  term  cylindro  is 
applied  to  the  cylinder  of  the  greatest  diameter,  and  tbe 
term  cylindric  to  the  less. 
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If  a  cylinder  intersect  a  sphere  of  greater  diameter  than 
the  cylinder,  the  arch  is  called  a  sphero-cylindric  arch  ;  but 
on  the  other  hand,  if  a  sphere  pierce  a  cylinder  of  greater 
diameter  than  the  sphere,  the  arch  is  called  a  cylindro-sphe- 
ncarch, 

If  a  cylinder  pierce  a  code,  so  as  to  make  a  complete  per- 
foration through  the  cone,  two  complete  arches  will  be 
formed,  called  ccno-cylindric  arches ;  out,  on  the  contrary, 
if  a  cone  pierce  a  cylinder,  so  that  the  concavity  made  by 
the  cone  is  a  conic  surface,  the  arch  is  called  cyhndro-conic 
arch. 

If,  in  a  straight  wall,  there  be  a  cylindric  aperture  con- 
tinuing quite  through  it,  two  arches  will  be  formed,  called 
pUmo-cylindric  arches. 

Every  description  of  arch  is,  in  a  similar  manner  to 
the  above,  denoted  by  the  two  preceding  words;  the 
former  endiog  in  o,  signifying  the  principal  vault,  or  suN 
face  cut  through ;  and  the  latter  m  tc,  signifying  the  de- 
scription of  the  aperture  which  pierces  or  intersects  the  wall 
or  vault. . 

When  groins  are  introduced  merelv  for  use,  they  may  be 
built  either  of  brick  or  stone ;  but,  wnen  introduced  by  way 
of  proportion  or  decoration,  their  beauty  will  depend  on  the 
generating  figures  of  the  sides,  the  regularity  of  the  sur- 
face, and  the  acuteness  of  the  angles,  which  should  not  be 
obtunded.  In  the  best  buildings,  when  durability  and 
cl^auce  are  equally  required,  they  may  be  constructed  of 
wrought  stone ;  and,  when  elegance  is  wanted,  at  a  trifling 
expense,  of  plaster,  supported  by  timber  ribs. 

In  stone-cutting,  a  narrow  surface  formed  by  a  point  or 
chisel,  on  the  surface  of  a  stone,  so  as  to  coincide  with  a 
straight  edge,  is  calleda  draught. 


The  formation  of  stone  arches  has  always  been  considered 
a  most  useful  and  important  acquisition  to  the  operative 
mason ;  in  order,  therefore,  to  remove  any  difficulties 
which  might  arise  in  the  construction  of  arches  of  different 
descriptions,  both  in  straight  ana  circular  walls,  we  shall  here 
introduce  a  few  examples,  which,  it  is  hoped,  with  careful 
examination,  will  greatly  facilitate  a  knowledge  of  some  of 
the  most  abstruse  parts  of  the  art. 

f\%.  551,  No.  1.  To  find  the  moulds  neeessary  for  the  conttmctioii  of 
ft  teaiidrcolar  arch,  cutting  a  gtraight  wall  obliqael  j. 
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Let  ABCDBFOH  be  the  pkn  of  the  aivli ;  IKLM  the  «atar  Ihe; 
ftnd  NOPQ  the  inner  line  on  the  eleTation. 

a  6  c  (/  e,  on  the  elevation,  shows  the  bevel  of  each  joint  or  bed  franthe 
face  of  the  wall ;  and  a  be  c^  ebelow,  ^ves  the  mould  for  the  same,  where 
#3f  on  tiie  elevation  eorreiponds  widi # y  at «. 

The  arch  mould,  fig.  551,  No,  2,  is  applied  on  the  face  of  tibe  itme, 
and  on  being  applied  to  the  parts  of  the  plan,  rives,  of  course,  the  kre 
of  each  concave  side  of  the  stone  with  the  face,  that  is  K  to  O,  on  the  ele- 
vation. 

Fir.  559.  To  find  the  mould  for  constructing  a  semieircalsr  ardi  kft 
circuJar  wall. 

Na  1  ia  the  elevation  of  the  arch;  and  No.  8  the  plan  of  the  bsttia 
bed  from  qtor. 

a  to  6  is  what  the  arch  gains  on  the  circle  from  the  bottom  bed  Iro  to/; 
and  e  to  c/  is  the  projection  of^the  intrados  to  p,  on  the  joint  /.  jr. 

Nosi  9,  8,  4,  are  plans  of  the  three  arch-stooai,  1,  d,  3,  in  the  deo' 
tion ;  and  Nos.  5  and  6  are  moulds  to  be  applied  to  the  beds  of  stose 
1  and  8,  in  which  s  e  equals  <  c  in  No.  9,  and  t  vt  equals  I  tp  in  No.  X 

In  No.  Ifkipo  is  the  arch  or  face  mould. 

When  the  reader  is  thoroughly  proficient  in  die  cofl9t^l^ 
tion  of  arches^  under  given  datas,  as  the  circumstances  of 
the  case  may  point  out,  he  may  proceed  to  inyestigate  die 
principles  of  spherical  domes  and  groins. 

Figs.  553  and  554  show  the  principles  of  developing  the  soffits  of  ik 
arches  in  the  two  preceding  examples.  In  each  the  letters  <^refere&a 
are  aUke,  and  the  operation  is  precisely  Che  same. 

Let  ABDE  be  the  phin  of  the  opemar  in  the  wall ;  and  AFBthr 
elevation  of  'the  arch :  produce  the  caord  AB  to  C,  divide  the  semkipdr 
AFB  into  anj  number  of  parts,  the  more  the  better,  and  with  the  cob- 
passes  set  to  any  one  of  these  divisious,  run  it  as  many  times  akm;  AC 
as  the  semicircle  b  divided  into ;  then  draw  lines,  pe rpen^cubr  to  BC, 
through  every  division  in  the  semicircle  and  the  line  CA*  and  set  ^  ili^ 
tance  1 6,  2  d,  3 /*,  &c.  respectively  espial  to  a  6,  c  d,  #/,  Ssc.aod  tks^ 
tracing  a  curve  through  these  points,  and  finding  the  points  in  the  Ik 
OD,  io  the  same  manner,  the  soffit  of  the  arch  is  complete. 

Fig.  555,  shows  the  method  of  constructing  spherical  domes. 

No.  1  mould  is  applied  on  the  spherical  sunace  to  ^e  vertical  ieiab; 
and  No.  2  mould  on  the  same  surface  to  the  other  joints ;  uid  m  botk 
cases,  the  mould  tends  to  the  centre  of  the  dome. 

3,  4,  5,  6,  7,  and  8,  are  moulds  which  apply  on  the  convex  mrhtt  t» 
the  horizontal  ioint,  the  lines  ab,  c  d,  e/,  &c.  being  at  right  an|^ti 
the  different  radii,  b  c,  dc^fe,  &c.  and  produced  until  they  intencet 
the  perpendicular  a  c  ;  the  mfferent  intersections  are  the  cenAres  vMcfc 
give  the  cirouhur  leg  of  the  mould,  and  the  straight  part  gives  ths  kiv 
sckbtl  joint. 
Wig.  556  exhibits  thej[>lan  of  a  groined  vault. 

Lay  down  the  arch,  either  at  the  full  or  half  size,  on  a  floor  or  piere  d 
floor-cloth,  then  divide  and  draw,  on  the  pisn  the  number  of  jomts  io  tk 
semicireular  arch,  and  from  the  intersections  with  the  (fiagonals,  drav  tk 
transverse  joints  on  the  plan,  and  produce  them  till  tlMy  toui^  the  is- 
tradoes  of  the  elliptical  arch,  the  curve  of  which  may  be  found  bysetlisf 
the  corresponding^  (iUstonees  from  tiie  Ihie  of  the  base  to  tiie  cure;  Atf 
«5  equal  to  a5.    This  being  aocoaiplished»  draw  the  joints  ef  the  tffip*^ 
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etlarch  in  tlie muiiibr ot  which  we  give <? if,  as  a  ipeeimen.  Todnw  the 
joint  e  df  draw  the  chord  e  e  and  bisect  it,  draw  aline  from  the  centre  c* 
throarh  the  bisecting  point,  and  produce  it  till  it  touches  the  perpendicu- 
lar e  f;  and  ed,  being  at  right  angles  to  e/,  will  be  the  joint  required.  In 
the  same  manner  the  others  are  found. 

By  examination,  it  will  be  seen,  that  a  rectangle  cireumtcribinr  the 
mould  3,  8,  rives  the  size  of  the  stone  in  its  square  state,  and,  tliat  if  each 
stone  in'  both  arches  be  thus  enclosed,  the  dimensions  for  each  will  be 
found,  as  also  the  position  in  which  the  moulds  must  be  placed.  The 
dark  lines  dve  the  different  bevels  which  must  be  carefiillj  prepared  and 
applied  to  the  stones  in  the  manner  represented  in  the  firure. 

Fig.  657.  To  drav/  the  joints  of  the  -stones  for  an  eUiptical  arch  in  a 
walU  &c. 

The  curve  is  here  described  bj  the  intersection  of  lines,  which,  cer- 
tainly, gives  the  most  easy  and  pleasing  curve,  as  segments  of  circles 
apply  only  under  certain  data,  or  in  the  proportion  which  the  axis  major 
has  to  the  axis  minor,  while  the  intersection  of  lines  applv  to  any  descrip- 
tion of  ellipsis.  Find  the  foci  F.  In  an  ellipsis  the  distance  of  either 
focus  from  one  extremity  of  the  axis  minor  is  equal  to  the  semi-axis  ma- 
jor ;  that  is,  DF  is  equal  to  c  C.  Then  to  find  any  joint,  a  b,  draw  lines 
from  both  foci  through  the  point  6,  as  Fe,/c/,  and  bisect  the  angle  dbe 
by  the  line  a  6,  which  is  tiie  joint  required. 

Having  thus  given  a  general  outline  of  the  principles  of 
masonry,  and  accompanied  the  same  with  a  few  examples 
on  the  most  abstruse  parts  of  the  art,  we  shall  conclude 
this  part  of  our  treatise  \vith  the  methods  employed  in  the 
mensuration  of  masons'  work. 

Rough  stone  or  marble  is  measured  by  the  foot  cube :  but 
in  measuring  for  workmanship,  the  superficies  or  surface, 
for  plain  wonc,  is  measured  before  it  is  sunk*  In  measuring 
ashlar,  one  bed  and  one  upright  joint  are  taken  and  con- 
sidered plain  work.  In  taking  the  plain  sudk,  or  cir- 
cuhrr  work,  and  the  straight  moulded,  or  circular  moulded 
woric,  particular  care  is  required  to  distio^ish  the  diflferent 
kinds  of  work  in  the  progress  of  prepanng  the  stone.  In 
measuring  strings,  the  weathering  is  denominated  stmk 
work,  and  the  grooving  throatings. 

Stone  cills  to  windows,  &c.  are,  in  general,  about  4| 
inches  thick  and  8  inches  broad,  and  arc  weathered  at  the 
top,  which  reduces  the  front  edge  to  about  4  inches,  and  the 
horizontal  snrfece  at  the  top  to  about  1}  inch  on  the  inside ; 
so  that  the  part  taken  away  is  6i  inches  broad  and  three 
quarters  of  an  inch  deen.  Cills,  when  placed  in  the  wall, 
generally'  project  about  2^  inches.  The  norizontal  part  left 
on  the  mside  of  the  clll  is  denominated  plain  uwrk;  and 
tiie  slopine  part  sunk  work ;  and  m  the  dimensiim  book 
•re  ^tered  thus,*— 
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4 

8  inches  the  breadth  of  the  plain  woik  intheoQ 
according  to  the  abore  dimensiois,— then 


H 


2  8 

8  2 

6 


Plain  work. 
Stfnk  work. 
Plain  to  ends. 


4  0  of  throating^. 

No  account  is  taken  of  the  sawing. 

Cornices  are  measured  by  girthing  round  the  moolded 
parts,  that  is,  the  whole  of  the  vertical  and  under  parts, 
called  moulded  work  : — ^for  example^  suppose  a  cornice,  pro- 
ject one  foot,  girth  two  feet,  and  is  40  feet  in  length,  tba 
the  dimensions  will  be  entered  as  under, — 


Moulded  work. 


40 
8 

80 
40 

40 

1 

Sunk  work  at  top. 


All  the  vertical  joints  most  be  added  to  tiie  abore. 

Cylindrical  work  is  measured  in  the  girth ;  and  the  sv- 
hce  is  calculated  to  be  equivalent  to  plain  work  twice 
taken. 

For  example,  suppose  it  be  required  to  measure  the  pUin 
work  or  a  cylinder,  10  feet  long,  and  5  feet  in  circumferettt, 
the  dimensions  would  then  be  entered 

5    O  ^^  ^°P  *  V^^  work,  double  measure. 

Pbving-slabs  and  chimney-pieces  are  found  bjr  snperficifc 
measure,  as  also  are  atones  under  two  inches  thick. 

The  manner  in  which  the  dimensions  of  a  house  ait 
taken,  vary  according  to  the  place  and  the  nature  of  the 
agreement. 

In  Scotland,  and  most  parts  of  England,  if  the  builder 
engages  only  for  workmanship,  the  dimensions  are  taifiea 
round  the  outside  of  the  house  for  the  length,  and  Uk 
hei{^t    is  Uken  for  the  width,  and  the  two  multiplied 
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ogedttt  ffhrei  the  anperficial  contenta.  Thia«  boweyer, 
pplies  only  when  the  wall  is  of  tiie  same  thickness  all  the; 
ray  up ;  aud  when  not^  as  many  separate  heights  are  taken 
8  thc^  are  thicknesses.  Tbb  mode  of  measuring  gives 
omething  more  than  the  truths  by  the  addition  of  me  four 
[aoins^  Tniich  are  pillars  of  two  feet  square ;  but  this  is  not 
lore  than  considered  sufficient  to  compensate  the  workmen 
or  the  extra  labour  in  plumbing  the  quoins. 

If  there  be  a  plinth,  string,  course-cornice,  or  blocking 
otiTse,  the  height  is  taken  from  the  bottom  of  the  plinth 
o  the  top  of  the  blocking  course,  including  the  thickness  of 
he  same  $  that  is,  the  measurer  takes  a  line  or  tape  and  be  • 
,11185  we  will  suppose,  at  the  plinth,  then  stretching  the  line 
o  the  top,  bends  it  into  the  offiiet,  or  weathenn^,  and, 
keeping  tne  comer  tiffht  at  the  internal  angle,  stretches  the 
ine  vertiodly  upon  the  face  of  the  wall,  from  the  internal 
tngle  to  the  internal  angle  of  the  string ;  then  girths  round 
be  string  to  the  internal  anj^e  at  the  top  of  the  string,  and 
cecping  the  line  tig^t  at  the  upper  internal  angle,  stretches 
t  to  meet  the  cornice ;  he  then  bends  it  round  all  the 
nooldinp  to  the  internal  angle  of  the  blocking  course, 
Vom  whidi  he  stretches  the  string  up  to  the  blocking  cpurse^ 
0  the  farther  extremity  of  the  breadth  of  the  top  of  the  ' 
lame ;  so  that  the  exteLt  of  the  line  is  the  same  as  the 
vertical  section  stretched  out  t  this  dimension  is  accounted 
^he  height  of  the  building. 

With  respect  to  the  length,  when  there  are  any  pilasters^ 
t>reak8,  or  recesses,  the  girth  of  the  whole  is  taken  at  the 
length.  This  method  is,  perhaps,  the  most  absurd  of  any 
idraitted  in  the  art  of  measunng;  since  this  addition  in 
beight  and  length,  is  not  sufficient  to  compensate  for  the 
raloe  of  the  workmanship  on  the  ornamental  parts. 

The  value  of  a  rood  of  workmanship  must  be  first  ob* 
tained  by  estimation,  that  is,  by  finding  the  cost  of  each 
kind  of  work,  such  as  plinth,  strings,  cornices,  and  archi- 
trares,  &c.  and  adding  to  them  the  plain  ashlar  work,  and 
the  value  of  the  materials,  the  amount  of  which,  divided 
by  the  number  of  roods  contained  in  the  whole,  give  the 
mean  price  of  a  single  rood.  When  the  apertures  or  open-"" 
bga  in  a  building  are  small,  it  is  not  customary  to  midce 
mlnctions  either  for  the  materials  or  workmanship  whidi 
jure  there  deficient,  as  the  trouble  of  plumbing  and  return* 
rog  the  quoins,  is  considered  equivalent  to  the  deficiency  el 
naterials  occa«oned  by  such  aperture. 

2  N 
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'  Elsam's  Gentleman's  aod,  BuUdar's  AsMstant,  givo  tk 
following  information  on  the  practice  of  mea^uriog  loogk 
atone  work. 

To  find  the  number  of  perches  contained  in  a  jneoe  of 
rough  stone-work. 

If  tiie  mill  be  at  the  ttandard  Ihicknett.  tliat  U»  Id  inches  bifk  IS 
inches  thick*  and  81  feet  lon|r,  diride  the  area  bj  81,  and  the  qaotieit,  'i 
anjr»  will  be  the  answer  in  perches,  and  the  remainder,  if  any,  kUA 
If  the  wall  be  more  or  less  than  18  inches  thick,  multipljr  the  area  of  ik 
wall  bj  the  number  of  inches  in  thickness,  which  prodmct,  difided  bj  T\ 
and  that  quotient  by  81,  will  give  the  perches  contained. 

Example.  A  pi^ee  of  slone-wcrk  is  40  feet  long*  90  feet  high,  niH 
laches  thick,  how  many  perches  are  contained  in  it  ? 

40  length. 
80  height. 

80O 
84 

a8oo 

IGOO 

81)  p.    F.  la. 

18)  18800    (lOM    (  60   16    a 
18  106 

180            16 
108        

180 
108 

18  equal  to  8  inches. 

The  melhod  last  described^  of  finding  the  value  of  masoo'i 
work^  is  usually  adopted,  the  perch  being  the  standard  of 
the  country ;  but  tl^  most  expeditioas  way  of  ascertainfli; 
the  viUue>.  is  to  c^be  the  contents  of  the  wall,  and  to  cfaiff 
tlie  work  at  per  foot.  To  ascertain  the  value  of  comiaofl 
stone*  wcMrky  a  calculation  should  be  made  of  the  priipe  cot 
of  all  the  component  parts,  consisting  of  the  stones  id  Ae 
<|aarry,  the  expense  of  quarr^ng,  land-carriage  to  the  ptitf 
where  it  is  to  be  used,  with  the  extra  trouble  and  conseqoci' 
expense  in  carrying  the  stone  cme,  two^  three,  or  aurt 
stories  htf  her.  Also  the  price  of  the  lime  when  delivered,  tfi- 
l^her  with  the  extra  expense  of  wages  to  workmen,  if  in  t^ 
country ;  all  these  circumstances  must  be  taken  intocoosi- 
deimtiott  in  finding  the  value  of  a  perch  of  commoo  slooe- 
work,  the  expense  of  which  will  be  fi>nnd  to  vBiyaccordiiVtv 
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local  orcumst&nces,  in  degrees  scarcely  credible ;  wherrfore 
a  definite  price  cannot^  with  propriety^  be  fixed. 


BRICKLAYING 

In  building  upon  an  inclined  plane^  or  rising  ^onnd,  the 
foundation  must  be  made  to  rise  in  a  series  oflevel  steps^ 
accordiog  to  the  general  line  of  the  ground^  to  insure  a  firm 
bed  for  the  courses,  and  prevent  them  from  sliding ;  for  if 
this  mode  be  not  adopted^  the  moisture  in  the  foimdations  in 
wet  weather,  will  induce  the  inclined  parts  to  descend^  to 
the  manifest  danger  of  fracturing  Uie  walls  and  destroying 
the  building. 

In  walling,  in  dry  weather^  when  the  work  is  rec[uired  to 
be  firm,  the  best  mortar  must  be  used ;  and  the  bricks  must 
be  wetted,  or  dipped  in  water,  as^  they  are  laid,  to  cause 
them  to  adhere  to  the  mortar^  which  thOT  would  not  do  if 
laid  dry ;  for  the  dry  sandy  nature  of  the  brick  absorbs  the 
moisture  of  the  mortar  and  prevents  adhesion. 

In  carrying  up  the  wall,  not  more  than  four  or  five  feet  of 
any  part  snould  be  built  at  a  time  ;  for,  as  all  walls  shrink  im- 
mediately after  building,  the  part  which  is-first  carried  up  will 
settle  before  the  adjacent  part  is  carried  up  to  it,  and,  con- 
sequently, the  shrinking  of  the  latter  will  cause  the  two 
parts  to  separate ;  therefore,  no  part  of  a  wall  should  be 
[tarried  higher  than  one  scafibld^  without  having  its  contin* 
;ent  parts  added  to  it.  In  carrying  up  any  particular  part^ 
he  ends  should  be  regularly  sloped  off^  to  receive  the  bond ' 
ff  the  adjoining  parts  on  the  right  and  left. 

There  are  two  descriptions  of  bonds ;  English  bandy  and 
Flemish  bond.  In  the  JBnglish  bond,  a  row  of  bricks  is  laid 
sogthwise  on  the  length  of  the  wall^  and  is  crossed  by  ano- 
ber  row^  which  has  its  length  in  the  breadth  of  the  wall^ 
ad  so  on  alternately.  Those  courses  in  which  the  lengths 
r  the  bricks  are  disposed  through  Uie  length  of  the  wall^ 
re  termed  stretching  courses,  and  the  bricks  stretchers :  and 
ftose  courses  in  which  the  bricks  run  in  the  thickness  of 
»e  lengths  of  the  walls^  heading  courses,  and  the  bricks 
7€Mders. 

The  other  description  of  bond,  called  Flemish  bond,  con* 
»ts  in  placing  a  header  and  a  stretcher  alternately  in  the 
ixne  course.  The  latter  is  deemed  the, neatest,  and  most 
^^ant ;  but,  in  the  execution  is  attended  with  great  incon- 
ssueDce,  and,  in  most  cases,  does  not  unite  the  parts  of  a 
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waU  with  tne  same  degree  of  firmness  as  the  Kiglbh  boed. 
In  general,  it  may  be  observed^  that,  -whatever  advantages 
are  gained  by  the  English  bond  in  tying  a  wall  together  id 
its  thickness,  they  are  lost  in  the  longitudinal  bond ;  and 
vice-versa.  To  remove  this  inconvenience,  in  thick  walls, 
some  builders  place  the  bricks  in  the  cone  at  an  angle  of 
forty-'five  degrees,  parallel  to  each  other,  throughout  &e 
length  of  every  course,  but  reversed  in  the  alt^iite 
courses  ;  so  that  the  bricks  cross  each  other  at  right  an- 
gles. But  even  here,  though  the  bricks  in  the  cone  hire 
sufficient  bond,  the  sides  are  very  imperfectly  tied,  on  a^ 
count  of  the  triangular  interstices  formed  by  the  oblique 
direction  of  the  internal  bricks  against  the  flat  edges  of  those 
in  the  outside. 

Concerning  the  English  bond,  it  may  be  observed,  tb; 
as  the  longitudinal  extent  of  a  brick  is  nine  inches,  and  & 
breadth  four  and  a  half,  to  prevent  two  vertical  joints  fros 
running  over  each  other  at  the  end  of  the  first  strctdx? 
from  the  corner,  it  is  usual,  after  placing  the  return  coroc 
stretcher,  which  occupies  half  of  the  length  of  this  stretcte, 
and  becomes  a  header  in  the  face,  as  the  stretcher  b  b  - 
low,  to  place  a  quarter  brick  on  the  side,  so  that  the  t«» 
together  extend  six  inches  and  three-quartet's,  being  a  b; 
of  two  inches  and  a  half  for  the  next  header.  The  Iwit  thus 
introduced  is  called  a  closer,  A  similar  effect  may  be  ob- 
tained by  introducing  a  three-auarter  bat  at  the  comer  of 
the  stretching  course,  so  that  tne  corner  header  being  h^ 
over  it,  a  lap  of  two  inches  and  a  quarter  will  be  left,  •l 
the  end  of  the  stretchers  below,  for  the  next  header,  whii 
being  laid  on  the  joint  below  the  stretchers,  will  coiod* 
with  its  middle. 

In  the  winter,  it  is  very  essential  to  keep  the  uuBnisbci 
wall  from  the  idtemate  effects  of  rain  and  frost ;  for  if  it  '^ 
exposed,  the  rain  will  penetrate  into  the  bricks  and  mortir, 
and,  by  being  converted  into  ice,  expand,  and  burst  ^ 
crumble  the  materials  in  which  it  is  contained. 

The  decay  of  buildings,  so  commonly  attributed  to  tk 
effects  of  time,  is,  in  fact,  attributable  to  this  source ;  ^ 
as  finished  edifices  have  only  a  vertical  surface,  the  acti** 
and  counter-action  of  the  rain  and  frost  extend  not  so  n- 
pidly  as  in  an  unfinished  wall,  where  the  horizontal  sar- 
face  permits  the  rain  and  frost  to  have  easy  access  into  tk 
body  of  the  work.  Great  care,  therefore,  must  be  taken  i« 
Boon  as  the  frost  or  stormy  weather  sets  in,  to  cover  the  i»- 
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finished  walk,  diber  with  straw^  which  is  the  most  com- 
mou,  or  weather  boarding. 

When  weather  boarding  is  employed,  it  is  ad^sable  to 
have  a  good  layer  of  straw  between  the  work  and  the  board- 
ing, and  to  place  the  boarding  in  the  form  of  stone-coping, 
to  throw  the  water  off  equally  on  both  sides. 

A  number  of  very  pleasing  cornices  and  other  ornaments 
may  be  formed  in  brick-work,  by  the  mere  disposition  of 
the  bricks,  without  catting ;  and  if  cut,  a  simple  champher 
nrill  be  sufficient.  A  great  defect,  however,  is  very  often 
Dbservable  in  these  ornaments,  particularly  in  the  bulging 
9f  arches  over  windows ;  which  arises  from  mere  careless- 
ness, in  robbing  the  bricks  too  much  on  the  inside ;  where- 
fts,  if  due  care  were  taken  to  rub  (hem  exact  to  the  gauge, 
their  geometrical  bearings  being  united,  they  would  all  tend 
to  one  centre,  and  produce  a  well-  proportioned  and  pleasing 
effect* 

In  steining  wells,  it  is  necessary  first  to  make  a  centre, 
cronsisting  of  a  boarding  of  inch  or  inch  and  a  half  stuff, 
ledged  within  with  three  circular  rings,  upon  which  the  bricks, 
dl  headers,  are  laid.  The  vacuity  between  the  bricks  towards 
the  boanfing,  are  to  be  filled  in  with  tile  or  other  pieces  of 
l)rick.  As  the  well-sinker  proceeds  to  excavate  the  ground, 
the  centre  with  its  load  of  bricks  sinks,  and  another  similarly 
charged  is  laid  upon  it,  and  another  Dpon  that,  and  so  on  till 
he  wall  is  complete,  the  centreing  remaining  with  the 
t>rick-work«  This  plan  is  generally  adopted  in  London,  at 
least  wher^  the  soil  is  sandy  and  loose ;  where  it  is  firm, 
::entreings  are  not  requisite.  In  the  country,  among  many 
?ther  methods^  the  following  is  most  approved : — rings 
>f  timber,  without  the  exterior  boarding,  are  used ;  upon  the 
Srst  ring,  four  or  five  feet  of  bricks  are  laid,  then  a  second 
ing,  and  so  on.  Bat  the  mode  before  described  is  by  far 
he  most  preferable ;  as  in  the  latter  the  sides  of  the  brick- 
work are  a()t  to  bulge  in  sinking,  particularly  if  great  care  be 
lot  taken  in  filling  and  ramming  the  sides  uniformly,  so  as 
x>  keep  the  pressure  regular  and  equal.  In  steining  wells 
ind  building  cesspools,  a  rod  of  brick- work  will  require  at 
east  4760  bricks. 

As  the  construction  of  walls,  arches,  groins,  &c.  in 
>rick-work,  approximatjps  so  nearly  (o  that  of  stone-work, 
lod  as  the  same  observations  generally  apply,  further  iiifor- 
nation  would,,  perhaps,  be  considered  superfluous  ;  we 
ihally  therefore,  conclude  this  article  with  some  practical 
>lMenrations  on  the  measuring  of  brick-work* 
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Bricfc-work  1$  measured,  and  Talued  by  iSie  rod.  ilieooD- 
tentfl  of  a  rod  of  brick-work  is  I6{.  feet  squaio  ;  oonseqoeDt- 
ly,  the  saperficial  rod  contaius  272*!&,  or  3731  fq^>^ 
feet  I  but  as  the  quarter  has  been  found  troublesome  in  eai- 
culation,  2/2  superficial  feet  has  been  admitted  m  the 
standard. 

The  standard  thickness  ei  a  brick  wall  is  l^  brid  hid 
lengthwise ;  therefbrej^  if  272  square  feet  be  multiplied  bf 
13  inches,  the  result  will  be  306  cubic  feet,  or  a  rod. 

A  rod  of  standard  brick-work,  making  the  necessary  aUov- 
ance  for  mortar  and  waste^  wiU  require  4500  bricks;  to 
this  quantity  is  of  course  ruled  by  the  size  of  the  brick,  Dd 
the  closeness  of  the  loints. 

A  foot  of  reduced  brick^work  requires  17  bricks ;  a  to 
superficial  6f  marl  fiEu;ing,  hid  in  Flemish  bond^  8  bridi; 
and  a  foot  superficial  of  gauged  arches,  10  bricks.  In  pavi^. 
a  yard  will  require  82  paving  bricks,  or  48  stock  bricks,  a 
38  bricks  laid  flat. 

A  square  of  tiling  contains  100  superficial  feet ;  and  R- 
quires  of  plain  tiles,  800  at  a  six-inch  gauge^  700  at  a  seio- 
inch  gauge,  or  600  at  an  ei^t-inch  ^uge. 

The  distances  between  the  respective  latiis  must  depod 
on  the  pitch  of  the  roof ;  and  one  roof  may  require  a  (> 
7,  and  8  inch  gauge.  For  instance,  a  kirt  roof  will  reqimt. 
in  the  kirt  part,  a  7i  or  8  inch  gauge,  and  in  the  upper  jxi 
6,  6i,  or  7  inch,  the  gauge  decreasing  in  the  ratio  of  Ae 
angle  of  elevation. 

A  square  of  plain  tiling  will  require  a  bundle  of  btbs 
more  or  less,  according  to  the  pit<;b;  with  two  bushels  <if 
lime,  one  bushel  of  sand,  and  a  peck  of  die-pins. 

Laths  are  sold  by  the  thousand,  or  bundle' ;  and  ea(i 
bundle  is  supposed  to  contain  100  laths,  though  the  affi 
number  depends  on  the  length ;  the  3  feet  contaimof  ^ 
score,  the  4  feet  4  score,  the  5  feet  3  score,  and  so  odo 
proportion. 

A  square  of  pan*-tiling  requires  180  tiles,  laid  at  a  ta- 
inch  gauge ;  and  one  bundle,  containing  12  laths,  ten  f^ 
long. 

In  lime  measure,  25  struck  bushels,  or  100  pecks,  makei 
hundred  of  lim^ ;  8  gallons,  a  bushel  dry  measure ;  aod  ^ 
cubic  inches,  one  gallon. 

In  measuring  sand,  24  heaped,  or  30  struck  bushels  mate 
one  load ;  and  24  cubic  feet  weighs  one  ton. 

A  load  of  mortar,  which  ought  to  contain  half  a  hundred^ 
lime,  with  a  proportionate  quantity  of  sand,  16  27  cubic  IW- 
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Excatvatioiitf  of  the  earth  are  measured  by  the  -number  ot 
oabic  yards  winch  they  C0DtaiD>  therefore^  to  find  the  number 
of  cubic  yards  in  a  trench^  find  the  solidity  of  the  trench  in 
cubic  feet,  and  divide  it  by  27»  the  number  of  cubic  feet  in 
a  yard,  and  ttie  quotient,  is  Uie  number  of  cubic  yards,  and 
the  remainder  the  number  of  cubic  feet.  . 

For  example,  the  lenffth  of  a  trench  it  60  feet»  the  deptii  8  &et»  and 
(he  breadth  2  foet. 

60 
a 

ISO 
2 

yd$.ft. 

87)060(13    9  the  answer. 
«7 

90 
81 


In  the  horizontal  dimensions,  if  the  trench  be  wider  at  the 
top  than  it  is  at  the  bottom,  and  equal  at  the  ends,  take 
bdf  the  sum  of  the  two  dimensions  for  a  mean  breadth ; 
md  if  the  breadth  of  one  end  of  the  treuch  exceed  that  of 
iie  other,  so  aa  to  have  two  mean  breadths,  difierin^  from 
3ach  other,  take  half  the  sum  of  the  two  added  together,  as 
I  mean  breadth  of  the  whole.' 

In  measuring  the  footing  of  a  wall,  multiply  the  length 
md  the  height  of  the  courses  together;  then  multiply 
he  product  by  the  number  of  hdf  bricks  in  the  mean 
>reaath,  divide  the  last  product  by  3,  and  the  quotient  is 
be  answer  in  reduced  feet.  Instead  of  measuring  the 
leight  of  the  footing,  it  is  customaiy  to  allow  three  inches 
D  each  course  in  height,  or  multiply  the  number  of  courses 
)y  3,  which  gives  the  height  in  inches. 

To  find  the  contents  in  rods  of  a  piece  of  brick  work. 

Case  1.  If  the  wall  be  of  the  standard  thickness,  diride  the  area  of  the 
'aU  by  272,  and  the  quotient  is  the  number  of  rods,  and  the  remainder 
tie  number  of  feet ;  but  if  the  wall  be  either  more  or  less  than  a  brick 
nd  a  half  in  thickness,  multiplj  the  area  of  the  wall  bj  the  number  of 
nlf  bricks,  that  is,  the  number  of  half  lenjifths.  of  a  brick  ;  diride  the 
roduct  bj  8,  wfaieh  will  reduce  the  wall  to  the  standard  thickness  of  I4 
rick«  then  diride  the  quotient  by  27S,  and  it  will  jpve  the  number  of  rods* 

Case  II.  Divide  the  number  of  cubic  feet  contained  in  the  wall  by  SOS ; 
vt  quotient  wiU  give  the  number  of  rods,  and  the  remainder  the  number 
f  cubic  feet.         *" 

C«M  III.  Multiply  the  numter  of  cubic  feel  in  a  wall  by  8 ;  divide  the 


Digitized 


by  Google 


8ft9  THS    OPBRATIVB  MXCflAKIC 

WtoAwi  br  9;  and  tii#  qiMiCleiil  will  ^re  tiie  are»  oftba  viS  rt  Ht 
itandwd:  ditSde  Ihb  steadard  «i«a  bjtTS,  and  thft  ^MliiQi  will  |Mi 
the  number  of  rods ;  tbe  nmaJBder  the  reduced  feeU 

BxMDDle.  The  length  of  a  wall  i»  0  feet,  the  height  90  feet,  and  tk 
thickncM  equal  to  the  length  of  three  bricfci ;  it  it  therefore  rejoired 
to  know  how  nunv  rods  of  briek-worlc  is  contained  in  the  said  wall? 
BxGasel.  00 

90 

1900 
0 

3)7900 

S79 )  2400(8  rods  994 feet  the  answer. 
917« 

994 


CaHlI  CO 

90 

l^^OO  ^      „ 

9.8  thickness  of  wall 

9100 
300 

906  )  9700  (  6  r^  959  feet  ihe 
9446 


CassIU. 


9)91600 

979)  9400  (8 rods  994 feet,  as  in  Case! 
9176 

894 
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la  tbe  calcQlation  of  brfck*work,  where  there  arie  several* 
walls  of  diflferent  thicknesses,  it  will  be  quite  nnnecessaty 
to  use  the  divisors  3  and  372,  as  will  be  hereafter  shown. 

In  taking  dimensions  for  workmanship,  it  is  usual  to 
allow  the  length  of  each  wall  on  the  external  side,  to  com- 

Ensate  for  prambing  the  angles ;  but  this  practice  must  not 
resorted  to  for  labour  and  materials,  as  it  gives  too  much 
quantity  in  the  height  of  the  building  or  story  by  two  pil- 
lars of  brick ;  and  in  the  horizontal  dimensions  by  the 
thickness  of  the  walls. 

In  measuring  walls,  faced  with  bricks  of  a  superior  qua- 
lity, mosf  surveyors  measur  the  whole  as  common  work, 
and  allow  an  additional  price  per  rod  for  the  facing,  as  the 
superior  excellence  of  the  work,  and  quality  of  the  bricks 
may  deserve. 

Every  recess  or  aperture  made  in  any  of  the  faces  must 
be  deducted ;  but  an  allowance  per  foot  lineal  should  be 
made  upon  every  right  angle,  whether  external  or  internal, 
excepting  when  two  extenial  angles  may  be  formed  by  a 
brick  in  breadth,  and  then  only  one  of  them  must  be  al- 
lowed. 

Gauged  arches  are  sometimes  deducted  and  charged  se- 
parate ;  but  as  the  extra  price  must  be  allowed  in  the  for- 
mer case,  it  will  amount  to  the  same  thing. 

In  measuring  walls  containing  chimneys,  it  is  not  custom- 
aiy  to  deduct  the  flues ;  but  this  practice,  so  far  as  re- 
gards the  materials,  is  unjust,  though,  perhaps,  by  taking 
the  labour  and  materials  together,  (he  overcharge,  with 
respect  to  the  quantity  of  bricks  and  mortar,  may.  in  some 
degree^  compensate  for  the  loss  of  time  :  on  the  other  hand, 
if  the  proprietor  finds  the  materials,  it  is  not  customary  to 
allow  lor  the  trouble  of  forming  the  flues,  which,  conse- 
quently, is  a  loss  to  the  contractor  who  has  engaged  by 
task-work  or  measure. 

If  the  breast  of  a  chimney  project  from  the  face  of  the 
WflJl,  and  is  parallel  to  it,  the  best  method  is,  to  take  the 
horizontal  and  vertical  dimensions  of  the  face,  multiply  them 
together,  and  multiply  the  product  b^  the  Uiickness,  taken 
in  the  thinnest  part,  without  noticmg  the  breast  of  the 
chimney ;  then  nnd  the  solidity  of  the  breast  itself,  add 
these  solidities  together,  and  the  sum  will  give  the  solidity  of 
the  wall,  including  the  vacuities,  which  must  be  deducted 
for  the  real  solidity.  Nothing  more  is  necessarv  to  be  said 
of  the  shaft,  than  to  take  its  dimensions  in  height,  breadth, 
and  thickness,  in  order  to  ascertdn  its  solidity. 
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If  ft  chknaey  be  riaced  at  an  aogle^  with  the  ht»  oltoe 
breast  intersectiiig  the  two  sides  of  the  wall,  the  breast  of 
the  chimney  must  be  considered  a  triangular  prisnu    To 
take  the  dimensions  ^-<from  the  iiitarsections  of  the  front  of 
the  breast  into  the  two  adjacent  walls,  draw  two  lines  ob 
the  floor,  parallel  to  each  adjacent  wall ;  then  the  triangk 
on  the  floor,  included  between  the  front  and  these  lines,  inU 
be  equal  to  the  triangle  on  which  the  chimney  stands,  aad, 
consequently,  equal  to  the  area  of  the  base.    To  mttain  the 
area  of  the  triangular  base,  the  dimensions  may  be  takes  ii 
three  various  ways,  almost  equally  easy ;  one  of  which  is, 
to  take  the  extent  of  the  base,  which  is  the  horizontal  i- 
mension  of  the  breast,  and  multiply  it  by  half  of  the  pe^ 
pendicular;  or  multiply  the  whole  perpendicular  byUf 
the  base :  but,  as  thb  calculation  would,  in  cases  of  ctk 
numbcoiB,  run  somewhat  long,  a  more  preferable  metiiod  a, 
to  multiply  the  whde  base  b^  the  whole  perpendicnlar,  mi 
take  half  of  the  product,  which  will  give  the  area  on  iftiA 
the  chimney  stands  ;  and  which,  midtiplied  by  the  height, 
gives  the  solid  contents  of  the  chlmn^.  From  this  conteaa 
is  to  be  deducted  the  vacuity  for  the  fire-place. 

A  row  of  plain  tiles,  laid  edge  to  edge,  with  their  brssd 
surfaces  parallel  to  the  termination  of  a  wall,  so  as  to  pio- 
ject  over  the  wall  at  right  angles  to  the  vertical  swfKe,  i* 
called  ihigle  plain  tue  crtoiing  %  and  two  rows,  laid  ose 
above  the  other,  the  one  row  oreaking  the  j<Mnts  oftbe 
other,  are  called  double  pUdn  tile  creasing. 

Over  the  plain  tile  creasing  n  row  of  bricks  is  placed 
on  edge,  with  their  length  in  the  thickness  of  the  wall,  mi 
are  called  a  bar^  course,  or  cope. 

The  bricks  m  gables,  which  terminate  with  plain  tBe 
creasing  coped  with  bricks,  in  order  to  form  the  sloping  bei 
•for  the  plain  tile  creasing,  must  be  cut,  and  the  sloping  if 
the  bricks  thus,  is  called  cut  splay. 

Plain  tile  creasing  and  cut  splay  are  charged  by  the  foe 
run ;  and  the  latter  is  sometimes  chaiged  by  the  soperfMil 
foot. 

A  brick  wall  built  in  pannels  between  timber  qoarter»ii 
called  brick  nogging ;  and  is  generally  measured  1^  the  yard 
square,  the  quarters  and  nogging  pieces  being  induded  b 
the  measure. 

Pointing,  is  the  filling  up  the  joints  of  the  bridts  after  At 
walls  are  built.  Ji  oonsists  in  raking  out  Soaae  of  Cfaemsr- 
tar  from  the  joints,  and  fillings  them  again  with  bine  mor- 
tar, and  in  one  kind  of  pointiag,  ihe  courses  aresimolf 
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marked  with  the  end  of  a  trowel,  caIled^/2a/<^otn/  pomtmg  ; 
bnt  if,  in  addition  to  flatrjoint  ]K)inting,  plaster  be  inserted 
in  the  joint  with  a  re^lar  projection,  and  neatly  paved  to 
a  parallel  breadth,  it  is  termed  hick  pointin^f  or  nick-joint 
pointing  J  or  formerly ,  hick^  und  ^att.  Pointing  is  measnr^ 
by  the  toot  superficial,  including  in  the  price,  mortar,  labour, 
and  scaffolding. 

Rubbed  and  gauged  work  is  set  in  putty  or  mortar ;  and 
18  measured  either  by  the  foot  superndal,  or  the  foot  run, 
according  to  the  manner  in  which  it  is  constructed. 

In  measuring  canted  bow  windows,  the  sides  are  con- 
sidered as  contmued  straight  lines ;  but  the  angles^n  the 
exterior  side  of  the  building,  whether  they  be  external  or 
internal,  are  allowed  for  in  addition,  and  paid  for  under  the 
denomination  of  run  of  bircCs  mouth.  All  angles  within  the 
building,  if  oblique,  from  whatever  cause  they  are  made, 
either  by  straight  or  circular  bows,  or  the  splays  of  windows, 
are  allowed  for,  imder  the  head  Oa  run  of  cut  splay. 

Brick  cornices  are  measured  by  the  lencal  foot ;  but  as 
various  kinds  of  cornices  require  more  or  less  difficulty  in 
the  execution,  the  price  must  depend  on  the  labour  and  the 
value  of  the  matenal  used. 

Garden  walls  are  measured  the  same  as  other  walls,  but  if 
interrupted  by  piers,  the  thin  part  may  be  measured  as  in 
common  walhng,  and  the  piers  by  themselves,  making  an 
allowance,  at  per  foot  run,  lor  the  right  angles  The  coping 
is  measured  by  itself,  according  to  the  kind  employed. 

Paving  is  laid  either  with  bricks,  or  tiles,  and  is  measured 
by  the  yard  square.  The  price,  per  yard,  is  regulated  by  the 
manner  in  which  the  bricks  or  tiles  are  laid,  whether  flat  or 
edge-ways,  or  whether  any  of  them  be  laid  in  sand  or  mortar. 

The  circular  parts  of  drains  may  be  reduced  .either  to  the 
standard,  or  the  cubic  foot ;  and  the  number  of  rods  may,  if 
required,  be  taken.  The  mean  dimensions  of  the  arch 
may  be  found,  by  taking  the  half  sum  of  the  exterior  and  in- 
terior circumferences ;  but,  perhaps,  it  were  better  to  make 
the  price  of  the  common  measure,  whether  it  be  a  foot, 
yard,  or  rod,  greater  as  the  diameter  is  less ;  but  as  the  re- 
ciprocal ratio  would  increase  the  price  too  much  in  small 
diameters,  perhaps  prices  at  certain  diameters  would  be  a 
sufllicient  regulation. 

The  following  tables  will  be  found  an  ac(|uisition  Co  those 
persons  to  whom  a  saving  of  time  is  an  object:-— 
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TABLE  I. 

This  Table  gliewB  what  quantity  of  bricks  are  neceisarr  to  coBilnct  a 

Siece  of  brick-work  of  anj  girtn  dimensions,  from  halt  a  brkk  to  tvo 
ricks  and  a  half  in  thiclmess ;  and  by  which  the  number  for  any  ttkk- 
ness  may  be  found. 

This  Table  is  at  the  rate  of  4^  bricks  to  the  rod  of  reduced  brick- 
work,  including  waste. 


Am  of 

The  Q  umber  of  bricks  thick  and  the  quantity  required. 

the  Aioe 
or  wall. 

ibrUk. 

1  brick. 

U  brick. 

tbridu. 

tibrickfc 

1 

5 

11 

16 

22 

«7 

S 

11 

22 

33 

44 

55 

9 

16 

33 

49 

66 

82 

4 

99 

44 

66 

88 

110 

5 

27 

65 

82 

110 

187 

6 

33 

€6 

99 

132 

165 

7 

38 

77 

115 

154 

193 

8 

44 

88 

132 

176 

220 

9 

49 

99 

148 

198 

S88 

10 

55 

no 

165 

220 

275 

90 

no 

290 

330 

441 

551 

SO 

165 

990 

496 

661 

827 

40 

9M 

441 

661 

882 

1108 

50 

275 

551 

827 

1102 

1978 

60 

ssb 

661 

992 

1323 

1655 

70 

886 

772 

n58 

1544 

1990 

80 

441 

882 

1323 

1764 

2905 

90 

496 

992 

1488 

1985 

2480 

100 

351 

1102 

1654 

2205 

2757 

»0 

1102 

2205 

8908 

4411 

5514 

800 

1654 

3308 

4963 

6617 

8272 

400 

2905 

.  4411 

6617 

8829 

11,029 

500 

2757 

5514 

8272 

UJ029 

13,786 

600^      SS08 

6617 

9926 

13,235 

16.M4 

700         3860 

7720 

11,580 

15,441 

19,901 

800 

4411 

8823 

13,235 

17,647 

22,058 

900 

4963 

9926 

14,889 

19,852 

24316 

1000 

5514 

11,029 

16,544 

22,058 

27,573 

sooo 

ll/)29 

22,058 

33,088 

44,117 

55,147 

sooo 

16,544 

SSfiSB 

49,632 

66,176 

82,720 

4000 

22,058 

44,117 

66,176 

88,235 

110,294 

5000 

27^73 

55,147 

82,720 

110,294 

137.867 

6000 

33,088 

66,176 

99,264 

132358 

165,441 

7000 

38,602 

77,205 

1 15,806 

154^11 

193/)I4 

8000 

44,117 

88,235 

132,352 

176,470 

220488 

9000 

49,632 

99,264 

148,896 

198,529 

248,161 

lOfiW 

55,147 

110,294 

165,441 

220,588 

275,735 

20,000 

110,294 

220,5rt8 

330,882 

441,176 

551,470 

10,000 

165,441 

330,882 

496,323 

661,764 

827,205 

40,000 

220,588 

441,176 

661,764 

882452 

1,109,940 

50,000 

275,735 

651,470 

827,205 

1,102,940 

1,978,675 

60,000 

330,882 

661,764 

992,646 

1,323,528 

1,654^10 

70,000 

ssejois 

772,058 

1,158,087 

l,544,n6 

1,990,145 

BOjOQO 

441,176 

882,352 

1,323,528 

1,764,704 

8,8aM» 

90,000 

496,3W 

992,646 

1,488,969- 

1,985,292 

2,481,615 
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The  left-hand  column  contains  the  number  of  superficial 
feet  contained  in  the  wall  to  be  built :  the  adjacent  columns 
shew  the  number  of  bricks  required  to  build  a  waU  of  the 
different  thicknesses  of  |,  1,  Hf2,  and  2^  bricks. 

Example.  Suppose  it  be  required  to  find  the  number  of  bricks  neces* 
sarjr  to  build  a  wall  1  brick  thick,  containing^  an  area  of  5760  feet  ? 
First  look  for  5000  in  the  left  hand  column,  and  you  vrill  find  that  it  takes 
55, 147  bricks,  add  to  this  quantitY,  the  number  necessary  for  each  of  the 
other  component  parts,  and  we  shall  have  the  following 
5000  will  reqiOre  55147 
700     ....    7730 
60     ...     .       661 


5760 


6tf,5S8 


TABLE  II. 

Shews  the  number  of  rods  contained  in  any  number  of  superficial  feet, 
from  1  to  10,000,  and  from  i  a  brick  to  2|  bricks  ;  and  thence  bv  addi- 
tion, to  any  number,  and  to  any  thickness,  at  the  rate  of  4500  bncks  to 
the  rod. 


fST 

•op. 

§  brick. 

1  brick. 

U  brick. 

2  bricks. 

2|  bricks. 

R.Q.F.In. 

R.Q.F.In. 

R.Q.F.Io. 

R.Q.F.Io. 

R.Q.F.ln. 

1 

0  0 

0  4 

00    0  8 

0  0     10- 

0  0    14 

00    18 

S 

0  0 

00    14 

0  0    9  0 

0  0    i  8 

0  0    3  4 

3 

0  0 

00    2  0 

0  0    S  0 

0  0    4  0 

00    5  0 

4 

0  0 

0  0    9  S 

0  0    4  0 

0  0    5  4 

00    6  8 

5 

00 

00    3  4 

0  0    50 

00    6  8 

00    8  4 

6 

0  0 

00    40 

00    6  0 

0  0    8  0 

0  0  10  0 

7 

00 

00    4  S 

00    7  0 

00    9  4 

0  0  11  8 

S 

0  0 

0  0    5  4 

00    S  0 

0  0  10  S 

0  0  13  4 

9 

0  0 

00    60 

0  0    9  0 

0  0  12  0 

0  0  15  0 

10 

0  0 

0  0    6  S 

0  0  10  0 

9  6  13  4 

0  0  16  8 

11 

0  0 

0  0    7  4 

0  0  11  0 

0  0  14  8 

0  0  18  4 

12 

00 

0  0    8  0 

0  0  19  0 

0  0  16  0 

00  900 

IS 

00 

00    S  S 

9  0  13  0 

0  0  17  4 

0  0  21  8 

14 

00 

00    9  4 

0  0  14  0 

0  0  18  8 

00  23  4 

15 

00 

0  0  10  0 

0  0  15  0 

00  200 

0  0  25  0 

16 

00 

0  0  10  8 

0  0  16  0 

0  0  21  4 

00  26  8 

17 

00 

0  0  11  4 

0  0  17  0 

•0  0  22  8 

0  0  28  4 

18 

00 

0  0  19  0 

0  0  IS  0 

00  940 

00  900 

19 

oo 

0  0  19  8 

0  0  19  0 

0  0  25  4 

0  0  31  8 

90 

oo 

0  0  IS  4 

0  0  900 

0  0  26  S 

0  0  83  4 

ill 

0  o 

0  0  14  0 

0  0  91  0 

0  0  28  0 

00  35  0 

82 

00 

0  0  14  8 

00  99  0 

0  0  29  4 

0086  8 

93 

oo 

0  0  15  4 

0  0  93  0 

0  0  80  8 

00  88  4 

94 

0  0 

0  0  16  0 

0  0  24  0 

0  0  32  0 

00  40  0 

25 

00 

0  0  16  8 

0  0  95  0 

0  0  33  4 

0  0  41  S 

96 

0  0 

0  0  17  4 

0  0  26  0 

0  0  34  S 

0  0  43  4 

27 

00 

0  0  18  0 

0  0  97  0 

0  0  36  0 

0  0  45  0 

28 

0  0 

0  0  IS  8 

0  0  28  0 

0  0  37  4 

0  0  46  8 

29 

0  0 

0  0  19  4 

0  0  29  0 

0  0  88  8 

0  0  48  4 

ao 

0  0  10  0  i 

OOSOO 

0  0  SO  0 

0  0  40  0 

00  500 

81 

0  0  10  4 

90  90  S 

0  0  31  0 

0  0  41  4 

0  0  51  8 
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Feet 
•op. 

i  brick. 

1  brick. 

libiick. 

2  brickt. 

Sibrkki. 

R.Q.F.In. 

R.Q.  F.  In. 

R.Q.F.  In. 

R.Q.F.In. 

R.Q.F.ln. 

82 

0  0  K)  8 

O0  21  4 

0  0  32  0 

0  0  42  8 

0053  4 

S3 

DOUG 

00220 

GO  S3  G 

0  0  440 

00550 

34 

0  0  11  4 

0  0  22  8 

0  0  34  0 

0  0  45  4 

0056  8 

35 

0  0  11  8 

0  0  23  4 

0  0  35  0 

0  0  46  a 

0  058  4 

36 

0  0  12  0 

0  0  24  0 

0  0  36  0 

0  0  48  O 

00  600 

37 

0  0  12  4 

0  0  84  8 

0  0  37  0 

0  0  49  4 

0  0  61  8 

38 

0  0  12  8 

0  0  25  4 

0  0  38  0 

0  0  50  8 

00634 

39 

0  0  13  0 

0  0  26  0 

0  0  39  0 

0  0  52  0 

GO  650 

40 

0  0  13  4 

0  0  26  8 

00  40  0 

0  0  63  4 

00668 

41 

0  0  13  8 

0  0  27  4 

0  0  41  0 

0  0  54  8 

0  104 

42 

0  0  14  0 

0098  0 

0  0  42  0 

00^56  0 

0  1     90 

4» 

0  0  14  4 

GO  28  8 

0  0  43  G 

GO  57  4 

0  138 

44 

0  0  14  8 

0  0  29  4 

GO  44  0 

0  0  58  • 

0  154 

45 

0  0  15  0 

0  0  30  0 

0  0  45  G 

0  0  600 

0  170 

46 

0  0  15  4 

0  0  30  8 

0  0  46  0 

0  0  61  4 

0  18  8 

47 

0  0  15  8 

0  0  31  4 

0  0  47  0 

0  0  62  8 

0  1   10  4 

48 

0  0  16  0 

0  0  ^2  0 

OO  48  0 

0  0  64  0 

0  1   12  0 

49 

0  0  16  4 

0  0  32  8 

0  0  49  0 

00  65  4 

0  1   13  8 

50 

0  0  16  8 

0  0  33  4 

0  0  50  0 

0  0  66  8 

0  1    15  4 

60 

0  0  20  0 

0  0  40  0 

00  600 

0  1    12  0 

0  1  32  0 

70 

0  0  23  4 

0  0  46  8 

0  1     2  0 

0  1  25  4 

0  1  48  8 

80 

0  0  26  8 

0  0  53  4 

G  1  12  0 

0  1  38  8 

G  1  654 

90 

0  0  SOO 

0  0  60  0 

0  1  220 

0  1  52  0 

0  2  14  0 

loo 

0  0  S3  4 

0  0  66  8 

0  I  32  0 

0  1  65  4 

0  2  308 

200 

0  0  66  8 

0  1  65  4 

0  2  64  0 

0  3  62  8 

1  0  61  4 

SOO 

0   1   32  0 

0  2  640 

1  0  28  0 

1  1  60  0 

1   3  24  0 

400 

0  I  65  4 

0  3  62  8 

1   1  600 

1  3  57  4 

2  1  548 

500 

0  2  30  8 

1  0  61  4 

1  S  24  0 

2  1  54  8 

3  0  17  4 

COO 

0  2  64  0 

1    1  60  0 

2  0  56  0 

2  3  52  0 

3  2  480 

700 

0  3  29  4 

t  2  58  8 

2  2  200 

3  1  49  4 

4  1  10  8 

800 

0  3  62  8 

1  3  57  4 

2  3  52  G 

33  46  8 

4  3  4M 

900 

1  0  28  0 

t  0  56  0 

3  t   16  0 

4  I  44  0 

5  2    40 

1000 

1  0  61  4 

2  1  54  8 

3  2  48  0 

4  3  41  4 

6  0  348 

2000 

2  1  54  8 

4  3  414 

7  1  28  0 

9  3  14  8 

12  1     t  4 

30<)0 

3  2  48  0 

7  1  28  0 

11  0    8  0 

14  2  56  0 

18  1  36  0 

4000 

4  3  41  4 

9  3  14  8 

14  2  56  0 

19  2  29  4 

24  2    28 

5000 

6  0  34  8 

12  1      1  4 

18  1  36  O 

V42    2  8 

30  2  37  4 

6000 

7   1   28  0 

[4  2  56  0 

22  0  16  D 

"29  I  44  0 

36  3    40 

7000 

8  2  21   4 

17*0  42  8 

25  2  64  0 

84  1   17  4 

42  3  38  8 

8000 

9  3  U  8 

r9  2  29  4 

29  1  44  0 

S9  0  58  8 

49  0    54 

9000 

110    8  0 

22  0  16  0 

33  0  24  0 

44  O  32  0 

55  0  40  0 

lOOOO  1 

12  1     1  4 

24»    2  8 

36  3     4  0 

49  0    5  4 

51  1    68 

The  leH^hand  column  contains  the.  area  of  the  wall  in  tuperittiilittC; 
the  adjacent  columns  the  <|uantitj,  reduced  to  the  standard  thickneis»  » 
cording^  to  the  different  thicknesses  on  the  top. 

Example.  What  is  thequantity  of  rcdoced  brick- work  ina  wa]leoita»- 
\ng  '540  snperftciai  feet,  Sbricks thi(3k  ? 

Divide  the  number  as  in  tiie  preceding-  table,  into  its  compooest  psilt. 
saj  i640aB  4000  +  500+40,  then  by  the  table. 

R.  Q.  F.  In. 
4000oontaios  19    8    29    4 
500    ...    S    1    64    8 
40    ...    0    0    68    4 

89    1      1    4 
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TIm  Mme  bj  rule. 


4510 

4  number  of  hftlf  bricki. 

3)18160(         R.  Q. 

F.  lo.  M 

272)  0053  +  4(32     1 
544 

1    4 

613 
544 

Jof 

a  rod  68)  69  (1 
68 

TABLE  III. 

Snews  tbe  value  of  reduced  brick- work  per  rod,  calculated  at  the  •«• 
reral  prices  of  i3  ^fir.  £8  lOr.  £3  150.  £4  Of.  £4  5t.  and  £4  lOf.  per  rod 
for  mortar,  labour,  and  scaffoldini^ ;  and  of  bricki  from  £1  lOr.  to  £3 
Of.  per  thousand ;  allowing  4500  bricks  to  the  rod. 


Mortavand 

Mortari 

uid 

Mortar  ad 

Mortar  and 

Mortar  and 

Mortar  and 

Briekf 

P« 

Labour 

Labour 

Labour 

Labour 

Labour 

Labour 

Itenw 

Ml. 

SI.  te 

9k  10». 

SL  I5<b 

41.  Oti 

41.  i«. 

4t.l0t. 

period. 

per  rod. 

per  rod. 

per  rod. 

per  rod. 

per  rod. 

£.    f. 

d. 

£.    f. 

d. 

£.    f. 

d. 

£.    f. 

iL 

£.   «. 

d. 

£.   f. 

d. 

£.   f.    d. 

1  10 

0 

10    0 

0 

10    5 

0 

10  10 

0 

10  15 

0 

U    0 

0 

11     5    0 

1   13 

0 

10     9 

0 

10  14 

0 

10  19 

0 

11     4 

0 

11     9 

0 

11   14    0 

1   14 

0 

10  18 

0 

11     8 

0 

11     8 

0 

11   IS 

0 

11  18 

0 

19    8    0 

1  16 

0 

U     7 

0 

11   19 

0 

11   17 

0 

19    9 

0 

19    7 

0 

18  19    0 

1   18 

0 

11  16 

0 

19     1 

0 

19    6 

0 

19  11 

0 

19  16 

0 

IS     1    0 

9    0 

0 

19    5 

0 

19  10 

0 

19  15 

0 

13    0 

0 

IS    5 

0 

IS  10    0 

9     9 

0 

12  U 

0 

19  19 

0 

IS     4 

0 

13    9 

0 

IS  14 

0 

IS  19    0 

2     4 

0 

IS    S 

0 

13    8 

0 

IS  IS 

0 

13  18 

0 

14    8 

0 

14    8    O 

9     6 

0 

IS  19 

0 

J8  17 

0 

14     9 

0 

14     7 

0 

14  19 

0 

14  17    0 

9     8 

0 

14     1 

0 

14     6 

0 

14  11 

0 

14  16 

0 

15     1 

0 

15    6    0 

9  10 

0 

14  10 

0 

14  15 

0  15    0 
015     9 

0 

15    5 

0 

15  10 

0 

15  15    O 

9  19 

0 

14  19 

0 

15    4 

0 

15  14 

0 

15  19 

0 

16    4    0 

9  14 

0 

15    8 

0 

15  18 

0'l5  18 

0 

16     S 

0(16    8 

0 

16  13    0 

2  16 

0 

15  17 

0 

16    9 

0;i6     7 

0 

16  19 

0|l6  17 

0 

17    2    0 

9  18 

0 

16    6 

0 

16  11 

016  16 

0 

17     1 

o:i7  6 

0 

17  11    0 

9    0 

0 

16  15 

0 

17    0 

0 

17    5 

0 

17  10 

0 

17  15 

0 

18    0    0 

Example,  What  is  t&e  price  of  a  rod  of  brick-work,  when  the  rate  ofbrlcki 
is  £2  2t.  per  thousand,  and  the  price  of  mortar  £4  5c.  per  red  ? 

Look  nom  the  given  column  of  bricks  until  ton  come  under  £4  5t.  the 
giren  price  of  lalK>ur  and  ]B0rtar»  uid  yon  will  find  £13  14i.  the  pric9  9f 

the  rod. 
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CARPENTRY. 

This  branch  of  boildiiig  comprises  the  art  of  employiiig 
timber  in  the  construction  of  emfices. 

The  art  of  employing^  timber  in  building  may  be  dassed 
under  two  distinct  branches^  Carpentry  and  Joinery. 

Carpentry  comprehends  the  large  and  rough  descripdoo 
of  work^  or  that  which  is  requisite  in  the  construction  id 
stability  of  an  edifice ;  and  Joinery^  the  fittings  up  and  de- 
corative work,  so  necessary  to  the  completion  of  a  buildiDf. 

Carpentry  is,  in  general,  valued  by  the  cubical  foot ;  i^ 
joinery  by  the  superficial  foot. 

The  principal  operations  which  timbers  have  to  undei|Of 
from  the  time  of  their  arrival  in  the  carpenter's  yard  to 
their  final  destination  in  an  edifice,  may  be  classed  under 
two  general  heads ;  those  which  respect  individual  prica, 
and  those  which  respect  their  dependence  on  others. 

Under  the  former  of  these  heads  is  the  pit-saw,  by  menu 
of  which,  whole  pieces  of  timber  are  divided,  and  reducd 
into  their  respective  sized  scantlings. 

The  term  scantling  implies  dimensions  in  breadth  md 
thickness,  without  any  regard  to  length. 

Planingj  is  the  operation  by  which  wood  is  reduced  to  t 
smooth  and  uniform  surface,  by  means  of  an  inscmmeot 
called  a  plane,  which  takes  a  thin  shaving  off  the  surface  of 
the  wood,  as  it  is  moved  backvmrds  and  forwards  in  a 
straight  line  by  the  hands  of  the  workmen.  There  are, 
however,  other  operations  of  the  plane  besides  that  of  re- 
ducing timber  to  an  uniform  and  smooth  surface,  termed 
grooving^  rebating f  and  moulding. 

Grooving  is  forming  a  channel  on  the  surface  of  a  piece 
of  wood,  by  taking  away  so  much  of  the  solid  as  is  of 
the  shape  and  size  of  the  groove  required. 

Rabating  or  rebating j  is  reducing  a  piece  by  taking  awaj 
from  the  angles  a  prism  of  the  shape  and  size  of  the  rabate 
required^  so  as  to  form  an  internal  angle,  and  generally  a 
right  angle.  This  operation  is  frequently  required  in  con- 
structing door  cases,  and  the  frames  of  casement  windows: 
the  rabate,  or  groove,  being  intended  as  a  ledge  for  the  door 
or  casement  to  rest  in. 

The  pieces  being  cut  into  their  {K'oper  8cantiings»tbeoeit 
operation  is  the  joining  thejbci  together. 
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Inthb  department  we  shall  treat  firsts  of  the  moat  i^^pror^ 
nethods  of  lengthening  beams^  by  what  is  termed  scarfiog^ 
)r  joining  them  in  pieces  ;  secondly,  of  the  strengthening 
)f  beams  by  trussing ;  thirdly,  of  the  methods  of  joining 
wo  timbers  at  angles,  in  any  given  direction  ;  and  lastly,  of 
he  mode  of  connecting  sevend  timbers  in  order  to  com- 
)letc  the  design,  and  to  effect  certain  powers  respectively 
equircd  by  each  individual  piece. 

To  lengtiicn  a  piece  of  timber  implies  the  act  of  joining 
>r  fastening  two  distinct  pieces,  so  that  a  part  of  the*^end  of 
)ne  shall  Tap  upon  the  end  of  another,  and  the  surfacea 
>f  both,  being  one  continued  plane,  form  a  close  joint, 
called  by  workmen  a  sicarf.  It  is  manifest,  that  two  bodies, 
oined  tc^ether  and  intended  to  act  as  one  continued  piece, 
n  a  state  of  tension,  or  compression^  cannot,  by  any  ])08si- 
}le  means,  be  so  strong  as  either  pieces  taken  separately. 
[t,  therefore,  requires  much  attention,  and  careful  discn- 
nination,  in  the  choice  aud  selection  of  such  methods  aa 
ire  the  most  applicable  to  the  peculiar  circumstances  04 
he  case.  Every  two  pieces  of  timber  joined  in  the  manner 
:hus  described,  and,  indeed,  in  most  other  cases,*  require 
»ome  force  to  compress  them  equally  on  each  side,  and 
nore  particularly  when  the  pieces  are  lig:ht ;  for  this  pur* 
|>08e  iron  bolts  are  used,  which  act  as  a  tic,  and  possess  the 
(ame  effect  as  two  equal  aud  opposite  forces  would  have  in 
compressing  the  beam  on  each  side  the  joint :  and  as  the  co* 
lesive  power  of  iron  is  very  great,  the  hole,  which  is  made 
'o  receive  the  bolt,  may  be  of  such  dimensions  as  will  not, 
n  the  least  degree,  tend  to  diminish  the  strength  of  the 
timber.  When  wooden  pins  are  used,  the  bore  is  larger,  and 
the  joints  weaker ;  consequently  the  two  pieces,  thus  con- 
lected,  are  not  held  together  by  any  compression  of  the  pin, 
t>utmerdy  by  the  friction  of  the  individual  pieces. 

.  No  specific  distance  can  belaid  down  for  the  length  of  the 
$carf,  tnough,  in  general,  it  ma^  be  observed,  that,  a  long 
K:arf  has  but  little  effect  in  diminishing  the  cohesive  strength 
9f  a  compound  piece  of  timber ;  on  the  contrary,  it  affio^a 
in  opportunity  of  increasing  the  number  of  bolts. 

Fi|;.  558  ihows  the  method  of  joinin]^  two  pieces  of  timber  bj  meant 
>f  a  riDgle  step  od  each  pieee. 

By  this  method  more  than  one-half  the  power  is  loat ;  and 
;his  scarf  is  not  calculated  to  resist  Ibe  fcnrce  of  temioa 
»}ual  to  a  single  piece  sawed  half  through  its  tbicknets  from 
he  opposite  side,  at  a  distance  equal  to  the  teqgtb  of  die 
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floirf  ^  b]r  tfae  application  of  straps,  however,  it  may  be  made 
to  resist  a  mach  greater  force. 

Fig.  559  represeDts  a  scarf  with  parallel  joints,  and  a  tingle  table  npoa. 
each  piece. 

Ld  this  the  cohesive  strength  is  decreased  in  a  greater 
degree  than  the  preceding  example,  by  the  projection  of  the 
table;  but  this  affords  an  opporFunity  of  driving  Vweflge 
through  the  joint  between  the  ends  of  the  tables,  and  there- 
by forcing  the  abutting  parts  to  a  joint. 

A  scarf  of  this  description  to  be  longer  than  those  whidi 
have  no  tables,  and  the  transverse  parts  of  the  scar^  most 
be  strapped  and  bolted^       -      1 — . 

Fif.  500  preients  us  with  the  same  opportunity  of  wadgfinr  as  befaf. 

In  this  %ure,  if  the  parts  LM  aad-NO  be  oompressed  together  bjrhita 
as  firmly  as  if  they  were  but  one  piece,  and  if  the  projection  tif  the  tablsi 
be  equal  to  the  transverse  parts  of  the  joints  L  and  0»  the  loss  of  stitaifOi, 
compared  with  that  of  a  solid  piece,  will  be  no  more  than  what  it  wm 
beatJLandO,        -    ■    ^  

Strapping  across  the  transverse  part  of  the  joint  is  muci 
the  best  and  most  effectual  way  of  preventing  the  pieces 
from  being  drawn  from  each  other,  by  the  shding  of  the 
longitudinal  parts  of  the  scarf,  and,  therefore,  giving  to  tk 
bolts  an  oblique  position.     ~*  ~ 

Fig*.  561  is  a  scarf  formed  by  several  steps. 

In  this,  if  all  the  transverse  parts  of  the  steps  be  equal, 
and  tlie  longitudinal  parts  strongly  compressed  by  boks^  the 
loss  of  strength  will  only  be  a  fourth,  compared  to  that  eft 
solid  piece,  there  beiiq;^  four  transverse  parts,  ~ttetil^rtb£ 
part  which  the  end  of  the  steps  is  of  the  whole. 

'  Fi;^.  M8  is  at  scarf  with  a  bevel  joint,  and  equally  as  eligible  fe  <*>• 
finf^'y  purpDsea  as  any  in  use. 

Fi^s.  561  and  590.  Scarfs  intended  for  loofsr  bearings  thasi  (be  prf* 
IWwing,oiie.      ■■  •.**" 

,  Fig.  564>  represents  the  method  of  constructing  a  compound  timber, 
when  two  pieces  are  not  of  adequate  len^h  to  allow  them  to  lap,  br 
laeans  of  a  third  piece  joined  to  both  by  a  double  scarf,  formed  h^tertri 
frads^ionsorst^  tha  pieces  abnttinf  upon  each  other  with  the  ^iddlsW 
ihe  connecting  piece  over  their  abutaient.         „  . : -.:^. 

That  which  shall  next  claim  our  attention  is  a  consider- 
HtloA  of  the  prihcipl^  and  the  best  methods  of  strengthen 
ing  beams  by  trussing. 

'  When  gfirders  are  extended  beyobcl  a~^certain  tengtl^  tier 
bond  under  their  owto  vfcfijfhl,*  afnd'tbt^  'dc^grce  of  tittttl*u 
incresiaes  in  a  proportion  far  greater  tlmn  tfaar  of  their 
kkJgt(i9«  ^The  best  method  to  obviate  this  Mgging^  as  it  is 
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eitned,  wkhout  the  support  of  posts,  &c.  is  to  make  the 
>eain  in  two  equal  lengths,  and  insert  a  truss,  so  that  when 
he  two  pieces  are  cozi£ned  together  by  bolts,  the  truss  may 
>e  included  between  them,  and  cause  them  to  act  as  a  tie« 
To  prevent  any  unfavourable  results  from  natural  tendency 
)f  the  timbers  to  shrink,  the  posts  pf  the  truss  may  be  made 
3f  iron,  and  screwed,  and  nutted  at  the  ends ;  and  to  give 
%  still  stronger  abutment,  the  braces  may  be  let  in  with 
p-ooves  into  the  side  of  each  flitch,  or  piece,  whidi  form 
the  beam.  The  ends  of  the  abutments  are  al^o  made  of 
iron,  screwed,  or  nutted,  at  each  of  the  ends,  and  bolted 
through  the  thickness  of  both  pieces,  with  a  broad  part  in 
the  middle^  that  the  braces  may  abut  upon  the  whole  di- 
mension of.  their  section ;  or,  otherwise,  the  abutments  are 
made  in  the  fomi  of  an  inverted  wedge  at  the  bottom,  and 
rise  eylindrically  to  the  top,  where  they  are  screwed  and 
nutted. 

These  methods  may  be  constructed  either  with  one  king- 
bolt in  the  middle,  or  with  a  truss-bolt  at  one*third  of  die 
length  from  each  ead.  When  two  bolts  are  applied,  they 
include  a  straining  place  in  the  middle.  The  two  braces 
may  be  constmdted  of  oak,  or  cast  or  wrought  iron ;  but 
the  latter  material  is  seldom  used :  for,  as  m  metals  are 
ItaUe  to  oontract,  wood  is  considered  the  best  material. 
Witii  respect  to  the  bolts,  iron  is  indispensable. 

The  higher  the  girder  is,  the  less  are  the  parts  liable  to 
be  effected  by  the  stress  i  and,  consequently,  the  risk  of 
their  ^ving  way  under  heavy  weights,  or  through  long  bear'* 
ings,  IS  less. 

FigB.  565  and  B&O  are  two  examples  of  girders  calculated  from  their 
rise  to  snstain  Yery  keayy  weights.  If  the  tie  beam  be  very  strong,  the 
abutments  may  be  wedged  ;  but  the  wedges  ought  to  be  very  long»  and 
»  little  taper,  that  there  may  be  no  incUnation  to  rise.  The  excess  of 
leBgth  may  afterwards  be  taken  off. 

In  joining  two  timbers  together,  in  any  given  direction, 
the  joinings,  as  practised  by  carpenters,  arc  almost  infinitely 
various  ;  and  though  some  are  executed  with  a  view  merely 
to  ffrati^  the  eye,  the  majority  have 'decided  advantages^ 
and  each,  in  peculiar  cases,  is  to  be  preferred.  In  this 
treatise,  our  limits  will  not  permit  us  to  enter  upon  a  de* 
scription  of  sudi  as  yield  no  substantial  benefit,  or  are  em- 
ployed only  in  connecting  small  work ;  but,  even  in  these, 
the  skill  of  the  workman  may  at  all  times  be  discovered  by  bis 
s^Qctkn  of  materials.  It  may  here  be  observed,^  thai;,  as 
all  tunber  is  either  jDexe  or  ]a»«  according  tq.  the  iirfnmj 
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and  the  quality  of  the  timber  used,  subiect  to  shriiiki  die 
carpenter  should  very  carefully  consider  how  much  the  di* 
mensions  of  his  framings  will  be  afifected  by  it,  and  so 
arrange  the  inferior  pieces  that  their  shrinkage  shall  be 
in  the  same  direction  as  the  shrinkage  of  the  fratning,  9jd 
so  conduce  to  the  greater  stability  of  the  \rhole.  If  this  be 
not  attended  to,  the  parts  will  separate  and  split  asunder. 

Two  pieces  of  timber  may  be  connected  either  by  makia; 
both  planes  of  contact  parallel  with  or  at  right  angles  to 
fhe  fibres,  or  by  making  the  joint  parallel  with  the  tores  of 
the  one  piece,  and  at  right  or  oblique  angles  to  the  other^or 
at  oblique  angles  to  the  fibres  of  both  pieces. 

If  two  pieces  of  timber  are  connected;  so  that  the  joht 
runs  parallel  with  the  fibres  of  both,  it  is  called  a  hmgOwM- 
nal  joint ;  but  when  the  place  of  the  joint  is  at  right  va^ 
to  the  fibi^es  of  both,  an  mutting  joint.  Butting  und  nutit 
joints  are  seldom  used  in  carpentry. 

When  two  pieces  of  timber  are  joined  together  at  one  or 
more  angles,  the  one  piece  will  meet*  the  other  «n4  form 
one  angle,,  or  by  crossing  it  make  two  angles,  or  the  tm 
pieces  will  cross  each  other  and  form  four  angles. 

In  all  the  foltowmg  cases  of  connecting  two  tioiben^ 
it  is  supposed,  that  the  sides  of  the  pieces  are  parallel  wA 
the  fibres,  or,  when  the  fibres  are  crooked,  as  nearly  so  u 
possible ;  and  that  each  piece,  the  four  skies  being  at  r^ 
angles  to  each  other,  has  at  least  one  of  its  surfaces  in  the 
same  plane  with  those  of  the  other.  The  angle  or  angki 
~BO  formed  will  be  either  right  or  obtuse. 

Fif.  537,  is  an  example  of  a  notched  joint,  which  ia  the  mofltoonaMa 
and  simple  form,  and,  in  nome  cases,  thestron{^eBt  for  joiDfaig-  twotiaiai 
at  one  or  more  angrlf  8,  particularly  when  hotted  at  Hat  lonit.  J%t  hm 
of  the  joint  mar  be  varied,  according^  to  the  position  of  the  sidee  of  ttr 
pieces,  the  niniiber  of  ang-les,  the  qnantitr  and  direrHoir  of  ^le  stre«  m 
the  one  or  both  pieces,  or  by  an^  corobniation  of  their  cirenaislRMff. 
>7otrhinr  admits  two  pie^  to  be  joined  at  fnaa  one  to  four  aafka ;  lal 
joamng  b}'  mortise  And  tenon  admits  only  from  one  to  two  anfks. 

In  joining  by  mortise  and  tenon,  four  sldf^a  of  the  mortiit 
should,  if  possible,  be  at  right  angles  to  ^i^^h  otha*,  and  to 
the  surface  whence  it  is  recessed^  and  two  of  these  aides 
parallel  with  each  of  the  sides  which  forms  a  right  an^  wkb 
the  Pide  fl'om  which  the  mortise  is  made :  the  fi^bplane,  that 
is,  the  bottom  of  the  mortise,  is  parallel  with  the  top  or  mt* 
ftice  from  which  the  mortise  istnade.  Four  sides  of  &t  tesOtt 
should  be  parallel  to  the  fbur  sides  of  the  piece;  bvt  tberc 
a»%  many  cases  wbei«  a  digression  is  tmaTOidabfe^ 


Digitized 


by  Google 


AVD  MACHINIST.  dlu 

la  the  apidiciktion  of  timbers  to  buildings,  we  will  here 
mppose,  that  all  pieces  cut  for  use  have  a  rectangular  sec* 
Lioo,  and  when  laid  down,  have  their  sides  perpendicular 
u>9  and  parallel  with»  the  horizon,  if  two  pieces  of  timbcri 
Ltorefore,  are  to  be  ioined  at  four  angles,  cut  a  notch  in  one 
piece  equal  to  die  breadth  of  the  other,  so  as  to  leave  the 
remaining  part  of  the  thickness  sufficiently  strong,  and  in^ 
lert  the  other  piece  in  the  notch ;  or,  if  the  work  is  required 
:o  be  very  firm«  notch  each  piece  reciprocally  to  each  other^s 
oreadth,  andTasten  them  together  by  pins,  spikes,  or  bolts, 
IS  the  case  may  require.  This  form  is  applicable  when  the 
;>iecea  are  equally  exposed  to  a  strain. 

Flf .  5tf8  will  fully  ehicidate  this  description  of  joint. 

The  framing  of  timber  by  dove-tail  notching  is  principal  * 
y  applicable  to  horizontal  framing,  where  the  lower  timber 
s  sufficiently  supported.  Where  the  lower  timber  is  iinsup- 
[>orted  it  is  common  to  use  nK>rtise  and  tenon^  which  does 
lot  materially  weaken  the  timber  j  but  when  the  timber  is 
lotehed  from  the  upper  side,  the  operation  reduces  its  thick- 
less,  and  consequently  impairs  its  strength,  thai^gl^  if  the 
lolid  of  one  piece  611  the  excavation  of  the  other,  and  both 
5e  lightly  driven  or  forced  together,  according  toDu  Hamel, 
t  will,  if  not  cut  more  than  one  third  through,  rather  increase 
:han  decrease  in  strength.  It  may,  however,  be  obseiTed, 
:hat  in  large  works,  where  heavy  timbers  are  employed,  it 
s  difficult,  and  almost  impossible,  to  fit  the  mortise  and 
:enon  mlh  due  accuracy ;  and  even  if  the  joints  were  closely 
itted  at  first,  the  shrinking  would  occasion  cavities  on  the 
lides,  that  would  render  the  tenons  of  no  avail,  because  the 
uus  of  fracture  would  be  nearer  to  the  breaking  or  under- 
iide  of  the  supporting  piece.  What  has  been  here  said 
^th  respect  to  timbers  placed  horizontally,  applies  to  fram- 
ng  in  every  position,  when  the  force  is  to  fall  on  the  plane 
>f  the  sides ;  and  if  a  number  of  pieces  thus  liable  to  lateral 
pressure  on  either  side,  are  to  be  framed  into  two  other  stiff 
;>ieces9  the  mortise  and  tenon  will  prove  best  for  the  purpose. 

If  it  be  required  to  connect  two  pieces  of  timber  so  as  to 
brm  two  rieht  angles,  and  to  be  immovable^  when  the 
ransverse  is  held  or  fixed  fast,  and  the  standing  piece  pulled 
n  a  direction  of  its  length,  cut  a  dove-tail  notch  across  the 
breadth  of  the  transverse  piece,  and  notch  out  the  vertical 
frides  of  the  standing  piece  at  the  end,  so  as  to  form  a  si- 
Hilar  and  equal  solid.  In  some  kinds  of  work,  besides  the 
love-taJl^  an  additional  notch  is  cut  to  receive  the  shoulder 
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of  the  lower  piece.  If  the  position  of  these  pteos  behorir 
zontal,  and  the  upper  is  of  sufficient  tveigfat,  or  is  ptem* 
ed  down  by  any  considerable  force,  when  Ae  pieoea  are 
placed  together,  the  dove- tail  Will  be  sBffidently  stroag 
without  the  assistance  of  pins,  spikes,  or  bolls.  Tlus  oon- 
struction  requires  the  timbers  to  be  wrfl  seascmed;  S» 
otherwise  the  shrinking  will  permit  the  standiBg  jtfece  lo  be 
drawn  out  of  the  transverse,  and  Aus  defeat  the  purpose  of 
the  construction. 

In  introducing  binding  joists,  which  will,  as  they  have  to 
support  the  brklging  joists  and  boarding  of  the  floor,  be 
framed  into  girders,  there  will  be  a  considerable  straiB  M 
the  extremities,  so  that  it  is  necessary,  in  order  to  VBob 
the  tenons  sufficiently  strong,  to  have  a  shorter  bearing  le- 
non  attached  to  the  principal  tenon,  with  a  sloping  shooldex 
above,  called  a  ttisk,  which  term  is  likewise  applied  to  tls& 
tenon,  called  the  tusk  tenon. 

When  two  parallel  pieces,  which  are  quite  im  movable, 
^re  to  have  another  piece  framed  between  them,  the  pm* 
ciple  is,  to  insert  the  one  end  of  the  tenon  of  the  piece  to  be 
franied  in  a  shallow  mortise,  and  make  a  long  mortise  in  dif 
opposite  side  of  the  other  timber ;  so  that  when  the  cross 
piece  is  moved  round  the  shoulder  of  the  other  extremitf  ts 
a  centre,  it  may  slide  home  to  its  situation.  This  moikof 
framing  a  transverse  piece  between  two  others,  is  emplo^ 
in  trimming  in  ceiling  joists,  which  joists  are  seldom  or 
never  cut  and  fitted  into  the  binding  joists  before  the  build- 
ing is  covered  over.  The  binding  joists  are  always  mortised 
before  they  are  disposed  in  the  situation  to  receive  the  ceil- 
ingjobts. 

When  a  transverse  piece  of  timber  is  to  be  framed  be- 
tween two  parallel  joists,  whose  vertical  surfaces  are  not  pa- 
rallel, turn  the  upper  edge  of  the  transverse  piece  downwards 
upon  the  upper  horizontal  surface  of  the  joists,  mark  th^  in- 
terval, or  Qistance  between  them,  upon  the  surface  of  fte 
transverse  piece  now  under ;  then  placing  the  edge  over  tk 
place  where  it  is  intended  to  let  down,  turn  the  transvene 
piece  in  the  way  it  is  intended  to  be  framed,  apply  a  straigb 
edge  to  the  oblique  surface  of  the  Joist,  and  slide  the  tnotf- 
verse  piece  so  as  to  bring  the  mark  on  the  upper  side  of  itoo 
a  line  with  the  straight  edge,  which  being  done,  proceed 
in  the  same  manner  with  the  other  end,  and  the  two  lines 
drawn  on  the  vertical  sides  of  the  intermediate  piece  w31 
give  the  shoulders  of  the  tenons.  This  act  of  muning  t 
transver9e  joist  between  two  others  is  termed  tan^^ldtg  m 
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jmHs  ;  and  is  pirtieularly  oieftil  wbtn  the  dinber  b  ^vttrpei 
or  twisted. 

In  order  that  the  reader  may  the  more  full^  nnderttand  tht 
gsreeedmf^  description  of  the  joiniitga  of  timbers,  we  have 
annexed  a  plate  (to  which  the  subjoiued  description.refers,) 
pf  the  best  methods  now  i^  practice. 

Fi^.  457.  No.  1  and  2,  and  8  and  4»  exbiUt  tvo  methMit  of  »  gimpte 
JQint,  where  the  two  pieces  are  halved  upon  each  other ;  in  both  of  which 
the  end  of  one  piece  does  not  pass  the  outer  surface  of  the  other.  No.  $ 
and  4  represent  the  two  pieces  before  put  together. 

Fif .  668.  is  a  melliod  of  joining*  timber,  when  the  end  of  one  piece 
panes  the  end  ei  the  other  at  a  smali  distance.  Vo.  1  rcpreaonta  the 
pieces  before  joined. 

Fig.  569  shews  how  two  pieces  may  be  joined  hj  what  is  termed  & 
niche. — ^In  this  case,  Che  two  pieces  should  be  fixed  to  another  by  a  bolt  at 
rirht  angles  to  the  niche  joint. 

Fig.  ^70.  Bow  one  piece  of  timber  may  be  joined  to  another,  when  ens 
of  the  pieces  is  extended  on  both  sides  of  the  other  piepe.  Not. .  1  snd  9 
show  the  pieces  before  put  together. 

Fig.  571  shows  the  manner  of  joining  the  binding  joists  and  girders. 
No.  1.  The  binding  joist  preparea  for  being  joined  to  tlie  girder. 

Fif .  679  is  the  genera]  and  most  approved  method  of  framing  the  raftsr 
foot  rate  the  girder. 

Fig.  57S  is  a  aeetion  of  the  besnw  shewing  the  different  shoolden  of 
the  ntfter  foot. 

Fig.  574  is  another  example,  preferable  to  the  former,  because  the 
'abutment  of  the  inner  part  is  better  supported.  In  this  the  beam,  When 
no  broader  than  the  rafter  is  thick,  may  be  weakened,  in  which  ease,  it 
would  reqnire  a  imidi  deeper  socket  than  b  here  grren ;  and  perhaps  an 
ndmantage  woold  be  gained  by  introducing  a  joint  like  fig.  575. 

Fig.  576  is  the  method  of  introducing  iron  straps  to  confine  ike  foot  vf 
the  rafter  to  the  tie-beam. 

When  it  is  found  necessary  to  employ  iron  straps  for 
.  strengthening  a  joints  considerable  attention  is  required  to 
place  them  .properly.  The  first  thing  to  be  ascertained  is 
the  direction  of  the  strain.  We  must  then  endeavour,  as 
near  as  we  can,  to  resolve  this  strain  into  a  strain  parallel 
to  each  piece,  and  another  perpendicidar  to  it.  Then  the 
strap  which  is  to  be  made  fast  to  any  of  the  pieces,  m^t  be 
so  fixed  that  H  shall  resist  in  the  direction  parallel  to  the 
piece. 

mie  strap  which  is  generally  misplaced,  is  that  which 
connects  the  foot  of  the  rafter  with  the  tie-beam.  It  binds 
down  the  rafter;  but  does  not  act  against  its  horizon- 
tal thrust.  It  should  be  j^aeed  ftuther  back  on  the  beam^ 
and  have  a  bolt  through  it,  to  allow  it  to  turn  round ;  and 
should  embrace  the  rafter  almost  horizontally  near  the  foot, 
and  be  notched  square  with  the  back  of  the  rafter.  The 
example  given  in  No.  10  combines  these  requisites.    By 
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movioji^  round  the  eye*bolt^  it  SdUows  the  rafter,  and  tta  - 
not  pinch  and  cripple  it,  which  it  always  does  in  its  on&« 
nanr  form.  Straps  which  have  eye-bolts  on  the  very  angks, 
and  allow  motion  round  them,  are  considered  the  most 
perfect. 

Vig.  577«zhibiti  two  methods  of  connectiDg^  die  itniti  cin  roof,  or  par> 
jtttioD,  Itc  with  thekiiif'pott. 

If  the  action  of  a  piece  of  timber  on  another  does  not  ex- 
tend, but  compress,  the  same,  there  is  no  difficulty^  whatever 
an  the  joint,  mdeed  joining  is  unnecessary ;  it  is  enougli 
that  the  pieces  abut  on-eiRrfr  other;  and  we- have  only  la 
take  care  that  the  mutual  pressare  be  equally  borne  by  al 
the  parts,  and  that  no  lateral  pressure,  which  may  came 
one  of  the  pieces  to  slide  on  the  butting  joint,  be  produced. 
At  the  jo^le  of  a  king-post,  a  very-slight  nK>rtise  asd 
tenon,  with  a  rafter,  or  straining  beam,  is  sufficient.  It  ii 
generally  best  to  make  the  butting  plain,  bisectiilg  the  an^ 
formed  by  the  sides,  or  else  per|>endicular  to  one  of  tbe 
pieces.  For  instance^  the  joint  a  is  preferable  to  i,  and, 
mdeed,  to  any  unev^  joints,  which  never  fiul  tu  pnNhice 
very  unequal  pressures,  by  which  some  of  the  parts  are 
.^rippled,  and  others  splintered  off. 

Ti^.  578  is  tbe  method  of  securing^  the  tie-beam  and  principals,  wkn 
the  kiagrposl  is  made  of  aa  iron  rod.  . 

Fig.  6^  shows  a  method  of  jmning  the  priaeipajs  with  the  hng^post  hf 
means  of  an  iron  do?e*tail,  which  is  reeeived  in  a  mortise  at  tl^  head  d 
each  principal.         ^^ 

Trusting  that  the  reader  will  be  able,  from  the  above  de- 
scription, to  comprehend  the  best  {methods  of  joiniiw  tim- 
bers, we  shall  next«proceed  to  describe  the  modes  of  con- 
necting several  tie^bNers,  in  order  to  oomplete  tbe  design, 
and  to  effect  certain  powers  respecfiyely  reqmred  by  each 
individual  piece. 

In  framing  centres  for  groins,  tbe  boarding  which  foroi 
the  interior  sur&oe  is  supported  byJtransverse  rtba-oC  tifi' 
ber^  which  are  either  constructed  simplv,  or  with  troiie^ 
according  to  the  magnitude  of  the  work ;  and,  as  a  grois 
consists  ipenerally  of  two  vaults  intersecting  eisick  other,  one 
of  them  19  always  hoaxed,  over  the  same  as  a  plain  vantt, 
without  any  respect  to.tbe  other^  which  is  aft^^urds  ribbed  , 
land  boarded  so  as  to  make  out  the  regular  surface* 

Umbers  inserted  in  walls,  and  at  returns,  or  angles,  ntt 
joined  together  where  this  magnitude  of  the  building  or  ex- 
posure (o  strain  may  require.  There  are  t^ree  oeDOHU* 
nations,  viZf  ^(md  timb^^  lintels^  ^^waU-phm^ 
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flooADft  te  supported  by  one  or  more  rows  of  parallel 
beams,  called  naked,  or  carcase  flooring,  and  is  denominated 
eiAer  single  or  double.  Dunng  the  construction  of  the 
building,  the  flooring,  if  not  supported  by  M'alls  or  parti-, 
tions,  mnst  be  shored.  The  framing  of  flooring)  whether 
single  or  double,  depends  upon  the  magnitude  of  the  build- 
ing, the  horizontal  cfimensions  of  the  apartments,  or  the 
stress  with  which  the  surface  of  the  boarding  is  likely  to  be 
aflected.  When  the  flooring  is  intended  to  be  very  stiff  and 
firm,  it  b  necessary  to  introduce  truss  girders.  Naked 
flooring,  for  ball-rooms,  should  be  framed  very  strong,  and 
the  upper  part  contrived  with  a  spring,  to  bend  with  the  im- 
pression of  the  force,  while  the  lower  part,  which  sustains 
the  ceiling,  remains  immovable. 

Partitions  are  constructed  of  a  number  of  pieces  of  tim- 
ber, called  scantling,  placed  vertically,  at  a  specified  dis- 
tance from  each  ot&r,  dependent  on  the  purpose»/or  which 
it  is  intended  to  answer.  If  to  support  girders,  they  should 
be  trussed,  and  afterwards  filled  in  with  parallel  pieces, 
called  studs. 

llie  framing  ought  to  be  so  contrived,  as  to  supersede  the 
necessity  of  hanging  up  the  floor,  in  whatever  situation  the 
doors  may  be  placed.  Truss  partitions  are  also  of  the 
greatest  utility  in  supporting  floprs  which  are  above  them. 

The  rafters  which  support  the  covering  in  a  roof  are  sus- 
tained by  one/  two,  or  several  pieces  of  framing,  called  a 
pair  of  principals,  placed  at  right  angles  to  the  ridge  of  the 
roof.  In  roofing,  many  ingenious  contrivances  are  resorted 
to,  their  application  depending  upon  the  pitch  of  the  roof, 
the  number  of  compartments  into  which  it  may  be  divided, 
and  the  intaoduction  of  tie-beams.  In  cases  where  apart- 
ments are  required  to  be  within  the  framing  of  the  roof, 
and  it  is  inconvenient  to  introduce  tie-beams,  the  sides  of 
the  roof  may  be  prevented  from  descending,  by  arching  them 
with  cast-iron,  or  trussing  them  with  wood  in  the  inclined 
planes  of  their  sides.  To  restrain  the  pressure  of  the  raf- 
ters, which  would  be  discharged  at  the  extremities  of  the 
building,  a  strong  wall*plate,  well  connected  in  all  its  parts, 
must  be  introduced,  to  act  as  a  tie,  and  prevent  the  lateral 
pressure  from  forcing  out  the  walls. 

In  this  construction,  as  well  as  in  the  former,  the  rafters 
would  have  a  tendency  to  become  hollow,  so  that  it  is 
necessary,  in  order  to  counteract  this  tendency,  to  introduce 
straining  beaois  at  convenient  hdghts ;  and  if  it  be  requisite 
to  occupy  very  little  space  by  the  wood<work,  cast-iron 
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arched,  abutting  upon  each  otherj  and  screwed  wifli  Uieir 
planes  upon  the  upper  sides  of  the  rafters,  arc  best  md^iled 
for  the  purpose.  If  this  and  the  former  principle  wei:eadapt* 

ed,  the  combined  effect  would  be  very  great. 

We  shall  now  present  the  reader  with  a  few  practical  ob» 
servations.  i  i 

Timber,  except  it  stand  perpendicular  to  the  honaon,  is 
much  weakened  by  its  own  weight.  The  bending  of  timber 
is  nearly  in  proportion  to  the  weight  laid  on  it.  Nb  beam 
ought  to  be  trusted  for  any  long  time,  with  above  o^e^thM 
or  one- fourth  part  of  the  weight  it  will  absolnteljrtamry; 
for  experiments  prove,  that  a  far  less  weight  willJu^eakt 
piece  of  timber  wben  huog  to  it  a  considerable  time,  tbm 
IS  sufficient  to  break  it  when  first  applied.  i 

The  strain  occasioned  by  pulling  timber  in  the  <fimctkm 
of  its  length,  is  called  tension.  It  frequently  occurs  ififbofe, 
an^  is  therefore  worthy  of  consideration-  j 

The  absolute  strength  of  a  tibre,  or  small  thread  j  of  tim- 
ber, is  the  force  by  which  every  part  of  it  is  held  Ipg^olbcr, 
and  is  equal  to  the  forte  tliuL  would  be  FL^quired  td  pull  it 

asunder.  ThefbTce  i*eqiii«d  to  tcair aoyiramtferGribr^uis 
asunder,  is  proportional  to  that  of  tbeir  aam ;  but  the  aren 
of  the  sections  of  two  pieces  of  timber,  composed  of  fibrt^ 
of  the  same  kind,  are  as  the  number  of  fibres  in  each: 
therefore,  the  strength  of  the  timber  is  as  the  areas  of  tk 
sections.  Hence  all  prismatic  bodies  are  equally  stitnig ; 
that  is,  they  imU  not  break  in  one  part  rather  than  in  another 

Bodies  ^hicb  have  unequal  sections^  will  break  at  their 
smallest  plirtj  therefore  if  the  absolute  stre-ngth  required  V' 
tear  a  square  itch  of  each  kind  of  timber  be  known,  wt 
shall  be  able  to  determine  the  strength  of  any  other  qoan- 
titywhateyer. 

The  wood!  nfext  to  the  bark,  comtnonly  caUad  nfkiieot 
blea,  is  also  weaker  than  the  rest:  and  the  wood  grmdnaliy 
increases  in  strength  as  we  recede  from  the  centre  to  the 
blea.  » 

The  heart^of  a  tree  is  never  in  its  centre,  butalwa>'s  near- 
er to  the  north  side,  and  on  that  side  the  annud  «  * 
wood  are  thinner.  la  conformity  to  this,  it  is  a  ^[enoal 
opinion  among  carpentelPS,  that  that  timber  is  staoogcst 
whose  annual  plates  ar^  tbfckest.  The  2Wiei&e<v,  or  «tr- 
vesseby  are  weaker thati  t;he>sim)^le  iigneoiis  fibres*  That 
air-vessels  mak^  the  sepatration>  bfet^veeirtfae  annual  pbtes, 
and  are  the  same  In  dikmeier,  igad^number  of  rows,  in 
all  trees  oif  the  same  sbecies ;  coMecfueatly,  wbn  ttos 
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thicker^  they  contain  a  greater  proportioit  of  die  simple 
ligneous  fibre. 

The  wood  is  stronger  in  the  middle  of  the  trunk  than  at 
the  springing  of  the  branches,  or  at  the  root ;  and  the  wood 
of  the  bnmcfaes  is  weakor  than  that  of  the  trunk. 

Tbe  part  of  the  tree  towards  the  north,  in  the  European 
climates,  is  the  weakest,  and  that  of  the  south  side  the 
strongest :  and  the  difference  is  most  remarkable  in  hedge- 
row trees,  and  such  as  grow  singly. 

All  description  of  wood  is  more  tenacious  while  green  ; 
and  loses  very  considerably  by  dr^g,  after  the  tree  is 
felled. 

We  shall  now  conclude  these  remarks  with  the  follow* 
ing  useful  problem. 

Fig.  560.  To  cut  tb^  strongfest  betm  possible  out  of  a  round  tree  whose 
aectioD  is  a  given  circle.  Let  ab  c  dhe  the  section  of  the  tree ;  drair 
the  diameter  c  b,  divide  it  into  three  equal  parts,  e  and/,  and  from  one  of 
them,  as  /*,  draw /a  perpendicular  to  the  diameter  c  h  ;  draw  ab  and 
a  c,—b  (I  and  d  e,  ana  a  i  e  <<  is  the  strongest  piece  that  can  be  cut  out 
of  the  tree.  From  this  it  is  manifest,  that  the  strongest  beam  which  can  be 
cat  <Nit  of  a  round  tree,  does  not  contain  the  most  timber,  for  the  rrealest 
rectangle  that  can  be  inscribed  in  a  circle  is  a  square,  and  therefore  tiie 
square  ghi  kii  greater  than  the  rectangle  abed,  and  jet  is  not  the 
strongest. 

Fig.  581.  Phin  of  a  door.— -1.  Girder  restmg  upon  the  walls^— ^.  Brid^« 
inr-joists.-^.  Bln^ng-joists.— 4.  Trimmers. 

Nos.  1  and  8,  sections  of  the  floor. 

Fig.  589.  A  trussed  partition  with  an  •pening  in  the  middle  for  folding 
doors.— 1.  Head.— 8.  Sill.— 3.  PoBts.-4L  Braces.— 5.  Studs.— <(.  Door« 
head. — ^This  partition,  as  maj  be  seen,  supports  itself. 

Fig.  588.  A  simple  trussed  roof. 

DEFINITIONS. 

fTaU-^BkUes;  pieoes  (^  timber  laid  on  the  wall/ in 
order  to  distribute  equally  the  pressure  of  the  roof,  and  to 
bind  the  walls  togetiier.  They  are  sometimes  called  ramag 
plates. 

Tie-beam  ;  a  horizontal  piece  of  timber,  conneoted  to 
two  opposite  principal  rafters ;  it  answers  a  two^fdd  pur- 
pose, viz.  that  of  preventing  the  walk  from  being  pushed 
outwards  by  the  weight  of  the  covering,  and  of  supporting 
the  ceiling  of  the  rooms  below.  When  fdaced  above  the 
bottom  of  the  rafkers,  itis^called  a  colhsr^beam. 

PrincipiU  ra/iers  ;  two  pieces  of  timber  in  the  sides  of 
the  truss,  suppoirtmg  a  grated  frame  of  timber  over  them,  on 
which  the  covering  or  Mating  rests. ' 

Pwrlines ;  horizontal  jneces  of  timber  notched  on  the 
principal  rafters* 
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Common  rafters;  pieces  of  timber  of  a  small  section, 
placed  equidistantly  upon  the  purlines,  and  parallel  to  the 
principal  rafters :  they  support  the  boarding  to  which  Ae 
slating  is  fixed. 

Pole-plaies;  pieces  of  timber  resting  on  the  ends  of 
the  tie- beams,  and  supporting  tlie  lower  ends  of  the  com- 
mon rafters. 

King-post ;  an  upright  piece  of  timber  in  the  middle  of 
a  truss,  inimed  at  the  upper  end  into-  the  principal  rafteni 
and  at  the  lower  end  into  the  tie-beam :  this  preFents  die 
tie-beam  from  sinking  in  the  middle. 

Struts ;  obliqae  straining  pieces,  framed  below  into  the 
king-posts,  or  queen-posts,  and  above  into  the  principal  raf- 
ters, which  are  supported  by  them  ;  or  sometimes  thej  have 
their  ends  framed  into  beams,  that  are  too  long  to  support 
themselves  without  bending,  tbey  are  often  called  braces* 

Other  pieces  of  timber  are  introduced  in  roofe  of  a  greater 
span ;  wnich  we  shall  here  describe. 

Queen-posts  ;  two  upright  pieces  of  timber,  framed  be- 
low into  the  tie-beam,  and  above  into  the  principal  rafters; 
placed  equidistantly  from  the  middle  of  the  truss,  or  its 
extremities. 

Puncheons  i  short  transverse  pieces  of  timber,  fixed  be- 
tween two  others  for  supporting  them  equally;  so  that 
when  any  force  operates  on  the  one,  the  other  resists  ii 
equidly ;  and  if  one  break  the  other  will  also  break.  These 
are  sometimes  called  studs. 

Strainin^'-beam  ;  a  piece  of  timber  placed  between  two 
others,  called  queen-posts,  at  their  upper  ends,  in  order  io 
withstand  the  thrust  of  the  principal  rafters. 

Straming-ciU :  a  piece  of  timber  placed  upon  the  tie- 
beam  at  the  bottom  of  two  queen-posts,,  in  order  to  with- 
stand the  force  of  the  braces,  wbicn  are  acted  upon  by  the 
weight  of  the  covering. 

Qunber^beam  ;  horizontal  pieces  of  timber,  made  on  the 
upper  edge.slopii^  from  the  middle  towards  each  end  in 
an  obtuse  angle,  for  discbarging  the  water.  They  are  placed 
above  the  straining-beam  4n  a  truncated  roof,  for  fixing  ti»e 
boaiding  on  which  the  lead  is  UUd :  their  ends  run  tbrae  or 
four  inches  above  the  sloping  plane  pf  the  common  raAen> 
in  order  to  form  aroU  for  fijdog  the  le^. 

AusiUary  rttfters;  pieces  of  timber  filmed  in  the  sane 
vertical  plane  with  the  priooipal  rafters,  under,  and  paralid 
Io  them,  for  giving,  additional  support.  The^  are  sometimes 
called  principal  braces^  and  sometimes  cushion  ftffters^ 
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Jhgghi  ;  the  joints  at  the  meetiDgs  of  struts;  with  king- 
posts^ queen-posts,  or  principal  rafters ;  or  at  the  meeting 
of  principal  rafters  wi^  king  and  queen- posts;  the  best 
fortn  is  that  which  is  at  right  angles  to  the  struts. 

Cocking,  or  Cogging ;  the  particular  manner  of  fixing  the 
tie-beams  to  the  wall-plates. 

There  are  a  variety  of  roofs  differing  in  form,  according 
to  the  nature  of  the  plan,  and  the  law  of  the  horiTsontal  and 
vertical  sections. 

The  most  pimple  form  of  a  roof  is  that  which  has  only 
one  row  of  timbers  arranged  in  an  inclined  plane,  and 
throws  the  rain  entirely  on  one  side.  This  description  of 
roof  is  termed  a  shed-roof,  or  lean-io. 

If  the  plan  of  the  roof  be  a  trapezium,  and  the  tops  of 
the  walls  properly  levelled,  the  roof  cannot  be  executed  in 
plane  surfaces,  so  as  to  terminate  in  a  level  ridge;  con- 
sequently, the  sides,  instead  of  being  planes,  arc  made  to 
wind,  in  order  to  have  the  summit  parallel  to  the  horizon ; 
but  the  best  plan  is,  to  make  the  sides  of  the  roofs  planes, 
enclosing  a  level  space  or  flat,  in  the  form  of  a  triangle  or 
trapezium,  at  the  summit  of  the  roof.  Roofs  which  are  flat 
on  the  top,  are  said  to  be  truncated :  they  are  diiefly  em- 
ployed with  a  view  to  diminish  the  height,  so  as  not  to  pre- 
dominate over  that  of  the  walls. 

[f  all  the*  four  sides  of  the  iDof  are  formed  by  inclined 
planes,  it  is  said  to  be  hipped,  and  is  therefore  called  a 
hipped-roof;  and  the  inclined  ridges,  sprhiging  from  the 
angles  of  the  walls,  are  called  hips. 

Roofs  on  circular  bases,  with  all  their  horizontal  sections 
circular,  the  centres  of  the  circles  being  in  a  straight  line, 
from  the  centre  of  the  base  perpendicular  to  the  horizon, 
are  called  roofs  of  revolution  or  revolved-roofs. 

When  the  plan  of  the  roof  is  a  regular  polygon,  circle, 
or  an  ellipsis,  the  horizontal  sections  neing  all  similar  to  the 
base,  and  the  vertical  section  a  portion  of  any  curve,  which 
is  convex  on  the  outside,  the  roof  is  called  a  dome. 

In  roofs  of  rectangular  buildings,  when  a  saving  of  ex- 
pense is  of  consequence,  ihstead  of  a  lead  flat,  which 
must  be  covered  with  lead  or  copper,  a  valley  is  introdueed, 
which  makes  the  vertical  section  in  the  form  of  the  letter  M, 
or  rather  an  inverted  W ;  henoe  it  has  obtained  the  name 
of  on  M  roof. 

The  pitch  of  a  roof,  or  the  angle  which  its  indined  side 
forms  with  the  horizon,  is  varied  according  to  the  climate 
and  the  nature  of  the  covering. 
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Tlie  inbabitaBti  of  ootd  countries  make  thdr  roob  ray 
high ;  and  those  of  warm  oonntclei^  where  it  seldom  rami 
or  snows,  veiy  flat*  Bat  eire&  m  theaame  climate  the  pkd 
of  the  roof  is  greatly  varied.  Formerly  the  roo&  were 
made  verr  high,  probably  with  the  notion  that  the  snow 
would  slide  off  easier;  bnt  where  there  are -parapets^  ah^ 
roof  is  attended  with  very  bad  eieotSy  as  the  snow  ^ 
down  and  stops  the  gutters,  and  an  overflow  of  waters 
the  consequence ;  besides,  in  heavy  rains,  the  water  desceodi 
with  such  velocity,  that  the  pipes  cannot  convey  it  awij 
soon  enough  to  prevent  the  gutters  from  being  overflowed. 

The  height  of  roofa  at  the  present  time  ia  very  rare^ 
above  one-third  of  the  ^pan,  and  ^KMdd  never  be  less  thii 
one-sixth.  The  most  usual  pitch  forislates^is  that  when  tk 
height  is  one-fourth  of  the  span,  or  at  an  apg}e  of  26^  ck- 
grees  with  the  horizon.  Takmg  this  as  a  at{(ndatd«the fol- ~ 
lowing  table  will  show  the  degree  of  inclination  wWcbnufk 
given  for  other  materials : —  


Kind  of  covering. 


IncUnation 


Copp^  or  leftd  .  .  .  . 
Slates  Uuge  ...... 

Ditto  ordinary 

Stone  alate •  . 

Plain  tiles 

IVui-tiles% 

Thatch  of  straw,  reeds. 


Di«i  MlB. 

S  SO 
St      0 

26  S3 

89  41 

29  41 
24  0 
45 


Height   of 
roona 
puts  of 


T 


Kfrom«       9(X> 
to  500 

V   _  .tsao 

1780 
«50 


A  roof  for  a  span  of  from  20  to  ^  feet  may  have  a  tn» 
of  the  form  shown  m  Fig.  583.  Within  this  limit,  the  par- 
lines  do  not  becowe  too  Wide  apai%ii6r  the  points  of  sup- 
port of  the  tie^-beaim 

For  spans  exeeadinrSOiee^  and-wlt  more  thaMS  feet, 
the  tmss  shown  in  Fig.  584  is  well  adaptdl^  Eitf^pii^ 
is  supported,  consequently,  there  are  no  orosa  attains  on4le 
principal  rafters ;  and  the  points  of  support  divide^  tie- 
beams  into  three  comparatively  short  bearinga«  Tbestt- 
ging,  which  usually  takes  place  ftom  the  shrinking  of  w 
heads  of  the  queen-fxMts,  may  be  avoided  by  letting  tlie«a< 
of  the  principal  rafter  abut  agsinat  the  end  of  thestniaiiV 
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ktain  A,  and  notchiog  pieces  and  bolting  them  together  in 
}tm  at  eiach  joint. 

When  the  ipan  exceeds  45  feet,  and  ii  oot  more  than  60  feet,  the  truM 
ktwn  in  Fig.  585  is  sufficiently  strong  for  the  purpose,  and  leaves  a  con- 
Itterahle  degree  of  free  space  in  the  middle.  For  this  span  the  tie*beam 
rtll  most  likely  require  to  be  scarfed,  and  at  the  bearing'  of  that  portion 
I  the  tie'^beam  betireen  a  and  b  is  short,  the  scarf  should  be  made  there* 
fhe  middle  part  of  the  tie-beam  may  be  made  stronger  by  bolting  the 
valuing  cill  c  to  it. 

It  often  occurs,  that  the  centre  aisles  ornaives  of  churches 
ire  higher  than  the  side  aisles  ;  a  similar  effect,  as  when  the 
ie-beam  continues  through,  may  be  produced  by  connect* 
ng  the  lower  beams  to  the  upper  one,  by  means  of  braces, 
K)  that  the  whole  may  be  as  a  single  beam.  To  illustrate 
;his  mode  of  construction,  we  have  given  a  design  for  a  roof 
3f  a  church,  somewhat  similar  to  St.  Martin's  in  the  fields, 
Loudon. 

Fig.  566,  the  lower  ties,  AA,  are  so  connected  with  the  principal  tie- 
i»eam,  B,  by  means,  of  the  braces,  a,  a,  that  the  foot  of  the^rincipal  raf- 
ters, e,  c,  cannot  spread  without  stretchbg  the  tie-beam,  B.  Tne  iron 
rods,  5,  5,  perform  the  office  of  king-posts  to  the  ties,  A,  A,  and  are  much 
better  than  timber,  in  consequence  ot  the  shrinkage,  which  in  this  situa- 
tion wottld  be  Tery  objectionable. 

Fig.  587  is  a  design  for  a  roof  of  a  church,  or  other  building,  requiring 
I  semicircular  arched  ceiling. 

Domes  derive  their  names  according  to  the  plans  on 
ivhich  they  are  built,  circular,  elliptical,  or  polygonal :  of 
these,  the  circular  may  be  spherical,  spheroidal,  ellipsoida], 
byperboloidd,  paraboloidal,  &c.  Those  which  rise  higher 
than  the  radius  of  the  base,  are  called  surmounted  domes  ; 
^hose  that  are  of  a  less  height  than  the  radius,  diminished, 
)r  surbasedi  and  such  as  have  circular  bases,  cupolas* 
The  most  usual  form  for  a  dome  is  the  spherical,  in  which 
mse,  the  plan  is  a  circle,  and  the  section  a  segment  of  a 
circle. 

The  ton  of  a  large  dome  is  often  finished  with  a  lantern, 
supported  by  the  framing  of  the  dome. 

Tiie  interior  and  exterior  forms  of  domes  are  seldom 
ilike,  and  in  the  space  between  them,  a  staircase  to  the 
astem  is  usually  made.  According  to  the  space  left  be- 
ween  the  external  and  internal  domes,  the  traming  must 
>e  designed.  Sometimes  the  framing  may  be  trussed  with 
ies  across  the  opening ;  but  generally  the  interior  dome  rises 
lo  high  that  ties  cannot  be  obtained. 

Pig.  588.  No.  1,  showff  the  constmctioQ  of  a  dome  without  ties.  This 
t  the  iBOft  simple  method*  and  one  which  ia  particularly  a{M>licable  to 
komes  of  ordinary  dimensions*  lliis  example  consists  in  placing  a  niun- 
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hn  of  curved  ribt»  to  that  the  lower  ends  stand  upon  and  are  will  fnad 
into  the  kirb  at  the  bate,  and  the  upper  ends  meet  at  the  topi  er  in 
framed  into  the  upper  kirb  on  which  mt  lantern  is  placed. 

When  it  occurs,  as  it  geuerally  does,  that  the  pieces  are 
so  long,  and  so  much  curved,  that  they  cannot  be  cut  out  of 
timber  without  being  cut  across  the  grain,  so  much  as  will 
weaken  them,  they  should  be  put  together  in  thicknesKt» 
with  the  joints  crossed,  and  well  bolted  together. 

No.  8,  shows  the  ribs  fixed*  and  bitted  t^^etiier,  with  horizoDtal  nftm 
to  receive  the  boardmir  on  Uie  exterior,  and  Ihe  latfaa  on  dieiotcfiir 
These  ribs  should  be  placed  about  tw^flbet^  or  two  feet  six  indbei  asK 
at  the  base,  and  be  composed  of  three  or  four  thicknesses  of  one  and  sW 
inch-deal,  about  11  or  12  inches  wide,  which,  when  carefMfj  boU 
together  with  the  joints  Judiciously  broken,  will  stand  exceeding  fin 
and  well. 

To  construct  the  ribs  of  a  spherical  dome^  with  6^ 
axal  ribs,  and  one^purlmc  in  the  middle.  -  - 

(Fig^.  589.)  No.  I.  Let  ABODE  be  the  plan  of  half  the  dome,  wUd  £• 
vide  into  foin'  equal  parts  at  BCD  and  £,  these  pdnta  of  dinsioB  vil 
mark  the  centre  of  the  back,  or  convex  sides  of  the  ribs.  This  beior  ^ml 
let  B  6,  C  c,  D  </,  be  the  plans  of  these  ribs,  with  the  points  of  difiii« 
in  the  centre.  F,  0,  H,  i,  K,  are  the  seats  of  the  upper  ends  of  theffti: 
on  the  upper  kirb  draw  s  y.  No.  9,  parallel  to  AC,  then  fraoi  tk£^ 
frrent  seats  of  the  ribs  on  the  plan  draw  perpendiculars  cnttinfr  ^f- 
Draw  the  cill,  «  y,  its  intended  thickness,  and  complete  ikt  eltratisBflf 
the  front  and  back  ribs.  The  front  ribs  are  quadrants,  (wmang  a  te» 
circle  on  the  upper  side  of  the  wall-^ate,  which,  of  course,  is  the  duM^ 
ter.  The  curves  of,  tlie  sides  of  eacn  of  the  other  ribs  are  the  qnadraia 
of  an  ellipsis  of  the  same  hei§^ht  with  the  front  rib.  Place  tiie  ]«Hn« 
III  their  intended  situation,  and  bavins'  drawn  die  elevation  and  pisB,« 
shown  by  the  dotted  line,  the  construction  is  complete.  . 

The  ribs  of  an  elliptical  dome  are  found  preciady  od  tbc 
same  principle.     * 

^  Given  the  plan  of  a  polygonal  dome,  and  one  of  the  sal 
ribs,  at  right  andes  to  one  of  the  sides,  to  find  the  cur?crf 
the  angle  rib  and  the  covering. 

Figr.  590.  Let  A,  B,  C,  D.  E,  F,  O,  H,  be  the  plan  of  an  octaaf*r 
polygonul  dome,  and  cab  the  §fiven  rib ;  produce  e  m  io  d,  divide  tk 
curve  line  a  BA  6  into  any  number  of  equal  parts,  the  more  the  better,  a 
this  case  four,  1,2,8,6,  which  extend  on  the  line  a  d;  the  fint  fiw* 
to  1,  the  second  from  I  to  2,  5cc. :  from  the  points  of  division*  1,  S,  S.  ^ 
draw  lines  parallel  to  B  e,  cutting  C  e,  and  tnym  these  mtints  drawIiaA 
parallel  to  e  d,  or  at  rirht  angles  to  B  e,  and  tiirourh  tne  points,  U  li^ 
draw  k  i,  m  n,  o  p,  and  tracing  a  curve  through  the  points  d,  p»  m*'^** 
and  making  domk  h  similar,  then  the  space  comprehended  between  ck 
mrve  lines /i  B  e  ;  and  the  side  BC  of  the  plan,  wOl  give  tbclbrB  of  tk 
whole  covering,  for  each  side  of  the  dome. 

To  find  the  hip- line  of  the  angle-rib,  whose  base  i8.C«' 
Draw  CE,  2  e,  1/,  at  right  angles  to  C  c,  and  make  CE  egaal  t$e^ 
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S  e  equal  fU,  and  l^equal  to  1, 8»  &c.  aqd  trace  the  eorvethrougfh  these 
polntSj  and  it  will  give  the  angle-rib. 

The  method  of  covering  spherical  domes  is,  to  suppose 
them  polygonal,  and  the  principle  the  same  as  the  foregoing 
operation  For  an  octangular  dome. 

A  niche^  in  carpentry,  is  the  wood-work  to  be  lathed  over 
for  plastering.  The  general  construction  of  niches  is  with 
cylindrical  backs  and  spherical  heads,  called  cylindro-spheric 
niches  j  the  execution  of  which  depends  upon  the  principles 
of  spheric  sections. 

A&  every  section  in  a  sphere  is  a  circle^  and  that  section 
passing  through  its  centre  is  equal,  and  the  greatest  that 
can  be  formed  by  cutting  the  sphere ;  it  is  evident,  that  if 
the  head  of  a  niche  is  intended  to  form  a  spherical  surface, 
the  ribs  may  be  all  formed  by  one  mould,  whose  curvature 
must  be  equal  to  that  of  the  greatest  circle  of  the  sphere ; 
viz.  one  passing  through  its  centre  5  but  the  same  spherical 
surface  may,  though  not  so  eligible,  be  formed  by  ribs  of 
wood,  moulded  from  the  sections  of  lesser  circles,  in  a 
variety  of  ways. 

The  reason  why  these  latter  spherical  surfaces  are  not  so 
eligible  as  those  of  greater  circles  is,  because  their  dispo- 
sition for  sustaining  the  lath  is  not  so  good,  and  the  trouble 
of  moulding  them  to  different  circles,  and  of  forming  the 
edges  accordbig  to  different  bevels,  in  order  to  range  them 
in  the  spherical  surface,  is  very  great,  compared  with  those 
nade  from  great  circles. 

Tne  disposition  of  the  ribs  of  niches  is  generally  in  a 
vertical  plane,  parallel  to  each  other,  or  intersecting  each 
other  in  a  vertical  line.  When  the  line  of  intersection 
passes  through  the  centre  of  a  sphere,  all  the  ribs  are  great 
circles  ;  but  if  the  line  of  intersection  does  not  pass  through 
the  centre  of  the  sphere,  the  circles  which  form  the  sphe- 
rical surface  are  all  of  different  radii.  When  the  ribs  are- 
fixed  in  parallel  vertical  planes,  their  disposition  is  either 
parallel  to  the  face  of  the  wall,  or  parallel  to  a  vertical 
plane,  passing  through  the  centre  of  the  sphere,  perpendi- 
cular to  the  surface  of  the  wall ;  but  this  methoa  is  not  so 
eligible  for  the  purposes  of  lathing. 

Another  method  is,  by  making  the  planes  of  the  ribs  pa- 
rallel to  the  horizon :  this  is  not  only  attended  with  great 
labour  in  workmanship,  but  is  incommodious  for  lathing. 
The  various  positions  in  which  the  ribs  of  a  niche  may  be 
placed,  are  very  numerous ;  but  the  regular  positions,  al* 
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ready  envmenledi  ought  to  be  Chose  to  which  die  carpenhr 
should  direct  his  attention. 

7b  get  out  the  ribi/or  the  head  of  a  nichey  all  of  them  hAg 
in  vertical  planes  passing  through  the  centre  cf  the  sphere. 

Fig.  591*  No.  1.  From  the  centre  C  draw  the  g^roimd-plaa  of  tiieiik 
xnd  set  oat  at  msnw  ribt  upon  the  plan  ai  jou  intend  to  nave  in  thekeij 
of  the  niche.  ^Httithefoot  of  jourcompasflesinC^andfroniAeciditf 
each  rih,  atlraad/,  draw  the  small  eoacentric  dotted  drdet  roond  toir 
centre  rib,  at  o  and  p,  and  draw  o  m,  and  9  n,  parallel  to  a  ^,  tiie  Uttd 
the  wall ;  then  from  r  roond  to  i  on  the  plan  is  the  lenrth  and  twccp/ 
the  centre  rib  to  stand  oyer ;  and  from  n  roond  to  i  the  lengtii  and  een 
of  tiie  nb  tiuit  ttandi  from  htog  ;  and  ftom  m  romd  to «» the  cami 
the  ihofftest  rib,  that  Hands  from  At  to  A  on  the  pbuu 

How  toJSnd  the  bevel  cf  the  ends  of  the  back  ribs  agad 
thefiromtrvk* 

The  back  ribs  are  Uid  down  distinct  bj  themsehres,  at  AB  and  Cfra 
the  afam.  Take  6  1,  in  No.  1,  and  set  it  to  6  1,  at  B,  dntw  tiie  per^a- 
diculars,  and  when  they  intersect  the  rib,  it  will  show  the  berel  re^soii 
The  same  operation  beinjf  done  to  C,  the  bcTel  is  found  la  the  samesMess. 

The  places  of  the  back-ribs  when  fixed  upon  the  frooc- 
rib  are  ascertdned  by  drawing  perpeuu  cfoSues^  and  com- 
pleting the  eleFation  of  the  niwe  No.  2  from  the  plan. 

'To  find  the  radius  of  curvature  of  the  ribs  of  a  sj^iend 
nichey  when  the  ribs  all  meet  in  a  vertieal  line,  wkkkir 
vides  the  front  rib  into  two  equal  parts. 

Vig.  508,  No.  1.  Complete  the  drcle,  of  which  Ite  inside  of  Oe  pkiii 
an  arc ;  produce  the  midole  line  of  the  plan  of  anj  rib,  as  of  «  i^  ^set 
the  opposite  side  of  the  circumference  tab;  aa the  wlude  Ime ek,m^ 
diameter,  describe  a  semicircle,  and  from  the  point  e,  when  the  ribi  ii- 
terseet,  draw  a  perpendicolar  to  e  ^,  to  meet  the  arc  a  cf  at  d,  whid  art 
u  the  cnrve  of  the  rib,  iHiose  seat  is  d.  The  olher  rib»  at  AD,  b  fsssi 
in  the  same  manner.    No.  Sis  the  eleration  of  the  aieht. 

PendenHvt  cradlings  is  a  cove  bmcketing,  springii^&oD 
the  rectangular  walls  of  an  apartment  upwann  to  the  od- 
ing,  so  as  to  form  the  horizontal  pait  of  the  ceiling  into  t 
complete  circle  or  ellipsis. 

The  proper  criterion  for  such  bracketing^  If  the  walls  lie 
out  by  horizontal  planes  through  the  coved  parts^  is,  tW 
all  the  sections  throngh  snch  parts  will  be  portions  of  c^ 
oles,  or  of  ellipses,  and  have  their  arcs  proportioned  totk 
sides  of  the  apartment,  so  that  each  section  will  be  i 
compound  figure.  Besides  having  four  curvilinear  parts,  H 
wiU  have  four  other  parts,  which  are  portions  of  the  lidei 
of  the  rectangular  apartment :  and  the  axb  of  the  ^iSfA 
will  bisect  each  side  of  the  rectangle.. 

Fi;.  588.  Let  ABCDbe  the  phm  of  a  room,  or  ttair-eaw,  tabehrs^ 
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V 

I,  to  as  lofiNrm  tlie  tuiface  ofapendentiveceilioff ;  and  let  A  6  c  D  be 
tection  across  the  diagonal ;  it  is  required  to  find  the  cojrvatare  or  the 
iifiiif  ribs? 

hraw  C  d  perpendieular  to  AC,  meeting  AC,  takf  the  distance  from  C 
be  Hoe  AC,  and  set  it  from  Con  the  Kne  CA,  and  from  Ibis  point  draw 
srnendicular  to  meet  the  curre  A I  «  Dof  the  diaffonsl  rib ;  nuike  the 
sia  sine  of  the  segment  AdC  equal  to  this  perpenaivular,  apa  oescribe 
segment  AdCt  which  is  the  sprinring  lini^  reaulred.  If  from  the 
tre  C  an  arc  be  described,  with  a  radfus  equal  to  tlie  fengSb  of  the  seat 
Krib,  to  met  the  seat  of  the  diagonal  rib  iJ);  a.id,irMmldmpoint 
leetiiM^  a  perpendicular  be  drawn  to  meet  the  e^irve  A^i  ^p<)rtkA  of 
arc  of  the  diagonal  rib,  intercepted  between  A  and  tb?  perpendicular, 
I  gire  iht  lengm  of  the  rib,  corresponding  to  the  seat  which  was  takei.. 
^.  504.  The  diagonal  rib  is  a  semicircle:  the  operation  is  exactly  the* 
le,  and  naj  be  described  in  the  same  words. 


MENSURATION  OF  CARPBNTBRs'  WORK. 

AU  lar^  and  plain  articles  in  which  an  uniform  quantity 
materials  and  workmanship  is  expended^  are  generally 
pastured  by  the  square  of  100  snperncial  feet, 
nies  used  in  the  foundations  are  valued  at  per  piece^  and 
iven  by  the  foot  run,  according  to  their  diameter^  and 
e  quality  of  the  ground. 

Keepers  and  planking  are  measured  by  takiz^  the  super- 
ial  contents  in  yards  or  squares. 

Plfun  centreing  is  measured  by  the  square :  but  a^  the 
M  and  boarding  are  two  different  qualities  of  work^  they 
ght  to  be  measured  and  valued  separately  ;  one  dimension 
the  boarding  being  taken  by  girting  it  round  the  arch, 
e  other  being  the  length  of  the  vault. 
Centreing  for  groins  should  be  measured  and  valued  as 
mmon  centreing;  but  in  addition  thereto,  the  angles 
ould  be  paid  for  by  the  foot  run,  that  is,  the  rib^  and 
•arding  ought  to  be  measured  and  valued  separately,  ac- 
rding  to  the  exact  superficial .  contents  of  each ;  and  the 
gles  by  the  lineal  foot  for  workmanship,  in  fitting  the 
>  and  boards,  and  for  the  waste  of  wood  occasioned  by 
e  operation. 

Wall-plates,  lintels,  and  bond-timbers,  are  measured  by 
e  cubic  foot,  under  the  denomination  of  fir-in-bond. 
Naked  flk>oiing  may  either  be  measured  by  the  square, 
bv  the  cubic  foot,  according  to  the  description  of  the 
3rk,  and  the  quantity  of  timber  employed.  In  forming 
I  estimate  of  its  value,  it  should  be  observed,  that  in  equal 
ibic  quantities  of  smaJl  and  large  timbers,  the  small  tim  • 
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bers  will  have  more  superficies  than  the  lar^  ones,  and, 
therefore,  the  saving  will  not  be  in  a  ratio  with  the  aoiid 
contents ;  consequently  the  value  of  the  workmanship  wiD 
not  follow  the  cubic  quantity,  or  said  ratio.  The  dimctdty 
of  handling  timbers  of  the  same  length  increases  with  ih 
weight  or  solidi^^  as  the  greater  quantity  requires  greater 
power  to  handle  it^  and  consequently  more  time. 

In  naked  flooring,  where  girders  are  introduced,  the  w 
formity  of  the  work  is  interrupted  by  mortises  and  tenoK. 
so  that  the  sum  ascertained  oy  the  cubic  quantity  of  tk 
girders,  at  the  same  rate  per  foot  as  the  other  parts,  is  b( 
sufficient ;  not  only  on  account  of  the  great  difference  i 
size,  but  the  great  disparity  in  the  quantity  of  workmn- 
ship,  occasioned  bv  its  being  cut  full  of  mortises  to  recenr 
the  tenons  of  the  oinding-joists  ;  the  best  method,  thot^ 
fore,  to  value  the  labour  and  materials  is,  to  measure  int 
estimate  the  whole  by  the  cubic  quantity,  and  idlow  an  di&r 
tional  rate  upon  every  solid  foot  of  girders ;  or,  if  the  biod- 
ing-^joists  are  not  inserted  in  the  girders,  at  the  usual  &• 
^nces,  a  fixed  price  for  every  mortise  and  tenon,  in  pro- 
portion to  their  size,  which  will  keep  a  ratio  with  the  irei 
of  the  end  of  the  girder. 

Partitions  may  be  measured  by  the  cubic  feet ;  bat  tk 
cills,  top-pieces,  and  door- heads,  should  be  measnred  by 
themselves,  according  to  the  solid  quantity,  at  an  additiooii 
rate ;  because,  both  the  uniform  solidity,  and  the  unifom 
quantity  of  workmanship  are  interrupted  by  them,  k 
trussed  partitions,  the  braces  should  be  rated  by  the  foot 
cube,  at  a  superior  price  to  that  of  the  quartering^,  for  the 
trouble  of  fitting  the  ends  of  the  uprights  upon  their  oppff 
and  lower  sides,  and  for  forming  the  abutments  at  the  eiKk. 

The  timbers  in  roofing  should  be  measured  by  the  cnbic 
foot,  classed  as  the  difficidty  of  execution,  or  as  the  waste 
occasioned,  may  require. 

Battening  to  walls  is  best  measured  by  the  square,  ac- 
cording to  the  dimensions  and  distances  in  the  clear  of  tbe 
battening. 

It  would  be  endless  to  enumerate  the  various  method* 
of  measuring  each  particular  species  of  carpenters'  irori:. 
the  leading  articles  only  need  be  noticed. 

When  the  shell  of  a  building  is  finished,  that  is,  prerions 
to  the  floors  being  laid,  or  the  ceilings  lathed,  all  the  timben 
should  be  measured,  that  no  doubt  may  arise  as  to  the  actml 
scantlings  of  the  timbers,  or  of  the  description  of  the  wort- 
mausbip.    In  taking  dimensions  it  must  be  observed  tbat, 
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ab  pieces  which  ha^e'tenons,  must  h^  measured  to  the  extre* 
miiies  of  the  tenoaas. 

It  is  impossible  to  determine  on  any  proper  rate,  includ- 
ing both  materials  and  worHmanship,  as  the  one  may  be 
stationary,  while  the  other  is  variable.  With  respect  to 
materifds,  the  value  of  any  quantity  mav  be  easily  ascer- 
tained, whatever  be  the  price  per  load  ;  but  the  difficulty  is 
iar  greater  in  fixing  proper  rates  of  workmanship ;  however, 
were  the  time  of  executing  every  specijes  of  work  known, 
there  would  be  no  difficulty  in  establishing  certain  uniform 
quantities,  which  would  give  the  real  value. 


JOINERY, 

Is  the  next  branch  of  art  which  comes  under  our  con- 
sideration, and  comprises  the  practice  of  employing  wood  in 
the  external  and  internal  finishings  of  houses. 

Id  the  execution  of  this  branch  of  building,  it  is  almost 
unnecessary  td  observe  that,  as  joinery  is  employed  princi- 
pally by  way  of  decoration,  and  is  liable  to  close  inspection. 
It  is  one  of  the  departments  which  demands  the  strictest 
care  and  attention  in  the  workmen;  and  it  requires  the 
greatest  ingenuity,  skill,  and  experience,  to  become  fully 
master  of  every  subject  under  the  joiner's  consideration. 

The  first  and  most  important  thing  to  be  attended  to,  is 
the  judicious  selection  of  materials ;  as,  without  a  strict  ob- 
servance of  this  particular,  the  care,  ingenuity,  and  ex- 
ertions of  the  workman  will  be  wholly  frustrated. 

As  the  temperature  of  the  atmosphere  has  a  great  iniki- 
ence  on  wood,  and  more  particularly  in  the  winter  sea- 
son^ it  would  be  advisable  to  put  that  which  is  to  be 
used  in  fine  work  over  an  oven  for  a  day  or  two.  In  the 
diffei*€nt  descriptions  of  joint  used  by  the  joiner,  a  hot 
tenacious  liquid,  called  glue^  is  almost  universally  used,  and 
when  applied,  the  two  surfaces  of  the  wood,  which  have  been 
previously  rendered  smooth,  are  rubbed  together  until  the 
glue  is  nearly  all  forced  out.  One  piece  is  then  set  to  its 
situation  with  respect  to  the  other. 

For  outside  work,  such  as  gates,  doors,  &c.  white-lead  is 
used  in  all  the  joints. 

When  a  frame,  consisting  of  several  pieces,  is  required, 
the  mortises  and  tenons  are  fitted  together,  and  the  joints 
glued  all  at  one  time,  then  entered  to  their  places,  and  rorced 
together  by  the  assistance  of  an  instrument  called  a  cramp. 
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lie  operation  of  rendering  a  rough  dtirfkoe  imootls  hj 
tnking  away  the  superfluous  wood,  is  tMeA  pUmb^^  vk 
the  tools  ufl^  for  this  purpose  are  txSkApktne^. 

The  planes  used  by  joiners  hi  the  prhnary  operation  tf 
their  work  are  callea  jack-planesy  tfyiPkg-plme9j  hmg- 
pitmen,  and  ^moothtng-planes  ;  the  re^Tpective  uses  of  ivin 
lire  as  follow :— The  jadc-plane  is  used  for  takmg  away  the 
rough  occasioned  by  the  saw,  and  removing  dt  supeifMi 
and  other  uneven  parts.  The  trying-plane  more  ptf- 
ticularly  to  bring  the  surface  perfectly  level  and  true :  * 
long  plane  succeeds,  when  the  surface  is  long,  and  if  W 
quired  to  be  very  strdght,  as  in  iointing  long  boards  fa 
the  purpose  of  gluing  them  together;  and  Uie  smoothiog- 
plane  is  used  to  smootli  and  clean  off  the  work. 

In  addition  to  the  above,  termed  bench-planesy  others  « 
occasionally  used  in  forming  any  kind  of  prismatic  stfrfiKs, 
VIZ.  rebating'planesj  grooving-planes,  mauldmff-pittneSy  Ac; 
under  which  nead  is  mcluded  the  ^fillister  imd  plough. 

Rebating^ptanes  are  used  for  cutting  out  rebates,  a  Msd 
of  half  groove,  upon  the  edge  of  a  board,  or  other  pJecerf 
wood,  formed  by  taking  down  or  reducing  a  small  {>S(t  (If 
the  breadth  of  the  board  to  half,  more  or  less,  of  the  gwienl 
thickness.  By  this  means,  if  a  rebate  be  cut  on  the  upjw 
side  of  one  board,  and  the  lower  side  of  another,  thetwo 
may  be  made  to  overlap  each  other,  without  making  tlnD 
any  thicker  at  the  joint.  ^     • 

Rebates  are  also  used  for  ornamenting  mouldings,  and  fer 
many  other  purposes  in  joiners'  work.  The  planes  fores- 
ting them  are  of  (fiflerent  kinds,  some  having  the  cottisf 
edge  at  the  side  of  the  iron  and  stock ;  others  at  the  bottoD 
edge  of  the  iron  and  the  face  of  the  stock  ;  and  others  cat- 
ting in  both  these  directions.  The  former  are  used  to 
smooth  the  side  of  a  rebate,  and  therefore  are  called  i?* 
rebating'pUmes ;  the  others  for  smoothing  the  bottono.  A 
third  sort  of  rebate-planes,  called  a  fillister^  is  used  fbf 
sinking  or  cutting  away  the  edge  of  a  piece  of  wood,  to  form 
the  rebate,  leaving  it  for  the  others  to  smooth  the  surlico 
when  cut. 

The  moving  fillister  is  a  rebating-plane  having  a  ruler  of 
wood,  called  the /bice,  fixed  by  screws,  upon  its  face,  in  tbf 
direction  of  its  length,  and  exactly  parallel  to  the  edge « 
the  frtcc ;  consequently,  it  covers  p&rt  of  the  width  of  the 
cutting  edge,  and  can  be  fixed  at  any  required  distance  finoo 
the  edge^  to  leaVe  more  or  l^ss  of  the  cutting  edge  exposed, 
which  will  be  the  breadth  of  the  rebate  it  will  cut,  because, 
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nTuMi  tiacd^  lhe«clge  o£  tlie  fianee  ifl  applied  ugaiiist  thcr  ad|^ 

o€  Ihe  piece  I0  be  ucbated^  and  Ihu*  gauges  Uw  bfndA  hi 

iron  should  cot  away.    The  cutting-iron  of  this  plana  is  not 

mtmaUd  tA  rif^  angka  to  the  kngth  of  tke  stocky  boA  has 

an  .<diliqiiitgr  of  about  forty^^e  tftegreet )  the  exposed  side 

of  U9t  iron  being  maaat  fiitward  thati  the  me  next  to  the 

f&x^    By  ll|ia  dotiquify,  tiut  plane  haa  a  tendency  or  drift 

tp  mat  fuKther  into  (he  breadth  of  the  wood  ;  but  as  the  fence 

sliding  against  the  edge  prevesia  this,  the  drift  always  keeps 

tlM&  fence  in  costaet  with  the  piece  without  the  attention  of 

tka  vKirkman :  it  also  eaaaes  the  iron  to  cut  the  bottom  of 

the  rebate  smoother,  partieolarly  in  a  transvetse  direction 

U>  tbe  fibres,  or  whore  the  wood  is  cross-grained,  or  where 

fhtt  ^dge  is  perpendicttlar  to  the  sides  of  the  plane.    It  is 

oaii^  nanl^  howerer,  to  throw  the  sbaying  into  a  cylindri- 

cd  font,  and  theieby  make  it  issue  from  one  mde  of  the 

ptee^    Bfiudca  this  iron,  these  is  another  of  smaller  di- 

meisiona,  oalled  the  tooth,  which  precedes  the  other,  to 

ecrtehor  out  a  deep  crack  in  the  width  of  the  rebate,  thus 

Boakng  t)ie  shaviiq^,  ^m^udi  the  iron  outs  up  firom  the  bot- 

ton^  separate  sideways  from  the  rest  of  the  wood.    The 

j|^^^EUtitf€r  differs  in  many  particulars  from  the  moving 

filliEer  :  the  fence  is  adapted  to  be  moved  to  a  considerable 

dialiice^  not  being  fixed,  as  in  the  moving  fillister,  iy 

aettm  up<m  the  face,  but  sustained  by  two  bars,  fixed  fiast  to 

it,  pasing  through  the  two  vertical  sides  of  the  stodc  at 

right  \aglea  to  the  sides :  these  bars,  whea  set  to  their 

intendd  places,  are  tightened  by  small  wedges.    This  kind 

of  plaie  18  usually  employed  to  rebate  narrow  [Meces  of 

iroM,  uch  as  are  used  in  sashes ;  and  the  fence  is  applied 

ngainsttfae  opposite  edge  to  that  on  which  the  rebate  is  to 

beforned. 

Thef  lough  is  a  plane  with  a  very  narrow  face,  made  of 
iitM:  fixed  beneath  a  wooden  stock,  and  projecting  deira 
from  the  wood  of  the  stock;  the  edge  of  the  cutting-iron 
faetn|the  full  width  of  the  groove  required :  it  is  gnkted  by 
a  fene  with  bars  like  the  sa3i-fiUister,  and  has  also  a  stop  to 
vegiUe  the  depth  intended  for  the  grooves. 

AMdmg'phmes  are  those  which  have  their  &ces  and 
oBttmied^  curved,  to  pcudaoe  all  the  irarieties  of  mnar 
mentamcmldings  3  diey  ate  known  by  the  names  o(  sniped s- 
bills,  de  mipis^hUla,  hmd$,  hoUowSy  rounds,  ovolos,  and 
ogets^Htiu^  tkcone  are  a  great  varitii^of  sizes,  with  which 
every  g^d  joiner  is  furnished. 
The  rhble  of  these  phaes  have  their  fiuses  straight  in  the 
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direction  of  their  l&sgth ;  but  a  section  across  tbe  tee  » 
the  impression  or  reverse  of  the  mooldiiig  thejr  are  ioteiidsd 
to  make. 

The  tools  employed  in  boring  cyUndric  holes  are  a  Hmk 
with  bittf^  gimlets,  and  brad-awls  of  various  dcscriptiooa  and 
sizes.  Toe  tools  used  for  paring  the  wood  obliqoelj,  m 
across  the  fibres,  and  for  cutting  rectangular  prismatic  cs* 
vities,  are  in  general  denominate  cMsds  ;  those  far  fotiaf 
the  wood  across  the  fibres  being  called  Jirmersy  or pmiMg 
chisels f  and  those  for  cutting  mortises,  mortise'-cbisda*  "n 
best  paring-chisels  are  made  entirely  of  cast  steel.  Chisgh 
for  paring  ecmcave  surfaces,  are  called  jtMf^fs. 

Wood  is  generally  divided  or  reduced  by  means  of  smm. 
of  which  there  are  several  sorts ;  as  the  ripping-smw^  fr 
dividing  boards  into  separate  pieces,  in  the  directioD  of  lb 
fibres  ;  the  handsaw ,  for  cross- cutting,  or  for  sawing  tha 
pieces  in  the  direction  of  their  length  ;  the  panel^sawj  eitkr 
for  crosH  cutting,  or  cutting  very  thin  boards  longitvdina^; 
the  tenon-sawy  with  a  thick  iron  back,  for  malang  an  iict- 
sion  of  any  depth  below  the  surfiEKre  of  the  wood,  and  far 
cutting  pieces  opposed  to  the  length  of  the  fibres ;  al4>  a 
sashsawy  and  a  dovetaHr-saur,  used  much  in  the  aamevi^ 
as  the  tenon-saw. 

From  the  thinness  of  the  plates  of  these  three  lastf^nen- 
tioned  saws,  it  is  necessary  to  stiffen  them  bv  a  str(m|^  Jeoe 
of  metal  called  the  back,  which  is  grooved  to  recent  the 
upper  edge  of  the  plate,  fixed  to  tbe  back,  and  wfaoh  is 
thereby  secured  and  prevented  from  crippling. 

When  it  is  required  to  divide  boards  into  curved  su&oes, 
a  very  narrow  saw  without  a  back,  called  a  rompoj^MW, 
is  used ;  and  in  cutting  a  very  small  hole,  a  saw  of  a  amikr 
description  is  used,  called  a  key-hole-saw.  Both  o  ttese 
description  of  saws  are  called  tumingsaws,  and  have  tWr 
plates  thin  and  narrow  towards  their  bottoms,  and  ach 
succeeding  tooth  finer. 

The  external  and  internal  angles  of  the  teeth  of  all  nvs 
are  generally  formed  at  one  angle  of  60  degrees,  am  the 
fiont  edge  teeth  slope  backwards  in  a  small  degree.  Hie 
teeth  of  every  description  of  saw,  except  tuming-sa^  are 
alternately  bent  on  contrary  sides  of  the  plate,  so  tH  aU 
the  teeth  on  the  same  side-  are  alike  bent  throughdt  tbe 
length  of  the  plate,  for  tbe  purpose  of  deuing  the  aies  of 
the  cut  made  by  it  in  the  wood.  The  foregoing  are  getfaily 
termed  edge- tools. 

When  it  is  necessary  to  ascertain  if  an^  angle  be  cactlj 
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iqiiare,  or  incUiied  to  any  number  of  d(^;ree8,  a  toot  called 
I  sfWire  is ,used,  and  in  the  htter  instance,  a  bevelia  set  to 
the  angle;  when  any  piece  is  to  be  reduced  to  a  parallel 
breadth  or  thickness,  an  instrument,  caUed  a  gauge,  formed 
yf  a  square  piece  with  a  mortise,  having  a  slicUng  bar,  called 
I  stemy  running  through  it  at  right  angles,  and  furnished 
HTitb  a  tooth,  pipqecting  a  little  from  the  surface,  is  used ; 
M>  that  when  the  stock  of  the  gauge  is  applied  to  the  verti- 
;:al  side  or  edge  of  the  piecci  with  the  toothed  side  of  the 
Item  upon  the  horizontal  surface,  and  is  pushed  and  drawn 
iheroately  backwards  and  forwards  by  the  workman,  the 
UM>th  wilt  make  au  io^i^ion  from  the  sur&ce  into  the  wood, 
It  a.  parallel  distance  from  the  edge  to  which  the  stock  part 
li  applied. 

>Y  hen  a  mortise  is  to  be  made  in  a  piece  of  wood,  the 
?auge  used  has  two  teeth.  The  construction  of  this  gauge 
ts  the  same  as  that  before  described,  except  that  the  tooth 
nearest  the  stock  moves  by  means  of  a  longitudinal  slider 
a  the  stem,  which  is  to  be  set  at  a  distance  from  the  other 
ooth,  as  occasion  may  require. 

If  a  piece  of  wood  is  to  be  sawn  ^oross  the  fibres,  a  flat 
lieoe  of  wood,  which  has  two  projecting  knobs,  on  opposite 
^idcs,  one  at  each  end,  called  a  side^hook,  is  used,  to  H^ep 
he  pieee  which  has  to  undergo  the  operation  of  the  saw 
steady ;  the  knob  at  one  end  presses  agamst  the  piece,  while 
iiat  at  the  other  end  is  hooked  to  the  bench.  Two  of 
liese  are  necessary  when  the  pieces  are  long.  • 

When  a  piece  of  wood  is  required  to  be  cut  to  a  mitre, 
hat  is,  to  half  a  right  angle,  joiners  Use  a  trunk  of  wood 
«irith  three  sides,  like  a  box  that  has  neither  ends  nor  topj  the 
tideii  and  bottom  being  parallel  pieces,  and  the  sides  of  equal 
leigbt.  Through  each  of  the  opposite  sides,  in  a  plane  per- 
[)eudicular  to  the  bottom,  and  at  the  oblique  angles  of  45* 
ind  135**  with  the  planes  of  the  sides,  a  kerf  is  cut ;  and 
mother  kerf  is  made  with  its  plane  at  right  angles  to  the 
:\vo  former.  Into  this  trunk,  termed  a  rmtre^bosy  the  piece 
lo  be  cut  is  put,  and  the  saw,  guided  by  the  kerfe,  cuts  the 
wood  to  the  angle  required. 

In  making  a  straight  surface,  a  strip  of  wood  called  a 
ttraigAi-edge,  which  has  one  of  its  edges  perfectly  straight, 
is  frec^uently  applied,  to  detect  the  irre^larities,  and  the 
piece  IS  accordingly  planed  with  the  trying  plane  until  the 
surface  coincides  witn  the  stra^^ht-edge. 

To  ascertain  if  the  surface  of  a  piece  of  wood  be  in  6ne 
plane,  the  joiner  takes  two  slips  of  wood^  each  straightened 
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on  one  edge,  wlA  tbe  oppotMe  ddge  {NonAd,  and  Mh 
pieots  of  we  same  hd^t^  and  plaoea  them  one  aleaeh  ea^ 
acroaa  the  board  under  operation ;  he  then  looks  in  Oe  toa- 
gitndind  direction  of  Che  board  over  the  upper  edges  «f  (be 
slipa,  and  if  the  two  edges  and  his  ^  be  not  in  one  phne, 
the  upper  parts  are  planed  down  untntiiepieceiisMtabe 
out  tf  windy  and  the  same  term  Is  applied  to  the  slins,iiUd 
are  called  windimg^-iHcks.  The  operation  of  mAaag  th 
edge  of  a  board  atraighl;  is  called  ihooHng;  and  the  e^i^ 
made  is  said  to  be  thoi. 

Frmd  what  haa  been  here  said  of  fhe  application  of  ie 
piiocipnl  toola  «ed  by  tbe  joiner,  we  consider  any  forte 
account  of  the  primary  processes  unnecessarv ;  we  did, 
tbereforci  proceed  to  lay  before  the  reader  the  best  metbodi 
in  use  of  eflfecting  some  of  the  more  dffieolt  and  partkohi 
operations.  • 

Tocan^nut  ike  siitface  of  a  fmriion  €f  a  eyUnderwA 
woody  wkm  the  /lbr$s  are  at  right  angk$  to  the  axiscf^ 
m^Rnderj  such  a$  ma^  heuiedin  o Hreuior  dado,  or  thenf- 
Jits  of  windows. 

If  tbe  dimension  of  Ae  cyUndric  smfhoe,  parsfld  to  tk 
aads,  be  not  broader  than  a  plank  or  boards  this  nisy  be 
done  by  gluing  several  thiekneeses  erf*  veneer  upon  ea^ 
other ;  the  first  upon  a  mould,  or  upon  brackets,  wUh  tbeir 
edffes  in  the  surface  of  the  propoaed  cylinder,  par^dtoHs 
aink  This  may  be  effected  by  nseans  of  two  sets  of  bnekets 
fastened  to  a  board,  one  convex  and  of  the  curve  intended} 
and  the  other  concave  of  the  curre  of  the  exteiior  of  the 
whole  thickness  of  veneers,  or  somewhat  larger ;  thfe  tot 
bracket  is  then  applied  c«  Ae  top  of  the  veneers  and  fa- 
tned  to  the  other  oracket,  and  the  veneers  are  then  fared 
together  by  aaeans  of  wec^jea  between  the  concave  buc- 
ket and  tli«  veneer.  If  this  operation  be  carefully  doDetrf 
the  ghie  properly  dried^  ttie  wedges  may  be  slackened  ari 
the  work  will  stand  well,  bat  it  must  be  observed,  t^^ 
the  wood  has  a  natural  tendency  to  unbend  itself,  thecoma 
sur&ce,  upon  wMch  it  is  glued,  should  be  rather  qsidcff 
than  that  intended  to  be  mude. 

A  second  plan  is  to  fbrm  a  templet  or  cradle  to  the  stff* 
face  intended,  and  ley  a  vmeer  upon  it ;  then  to  glue anwf* 
ber  of  blodto  of  wood  upon  its  back,  closely  fitted  to  i^ 
surface,  and  the  other  joints  to  each  other,  the  fibres  of  tke 
veneer  being  parallel  to  those  of  tbe  Uocks. 

A  third  aoethod  is  to  uaake  acradie  and  place  tlei^eaccr 
upon  it,  confiniiig  one  endi  l^  the  «lue  bcttfeen  tfte 
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peneeis  with  a  brash,  and  fix  a  bridle  across,  coDfining  its 
sods  either  by  nails  or  by  screws ;  open  the  veneers  a^n, 
[>iitgkie  a  second  time  between  each,  and  fix  another  bridle 
icross  them  $  and  in  this  manner  proceed  to  the  other  ex- 
tremity* 

A  fourth  plan  is  Co  cut  a  nimiber  of  equidistant  grooves 
icross  the  Ixack  of  the  board,  at  right  angles  to  its  edges, 
eaving  only  a  small  thickness  toward  the  face)  then  to  bnend 
ius  ronnd  a  cradle  with  the  grooves  outwards,  and  fill  the 
l^rooves  with  strips  of  wood,  which,  after  the  glue  is  quite 
Iry,  must  be  planed  down  level  with  the  surfiace  of  the 
KNud.  This  n>ay  be  stiffened  by  gluing  strong  canvass  on 
Lhe  bade* 

7b  bend  a  board  so  as  io  form  the  frustum  of  a  coney  or 
my  segmental  portion  of  the  frustum  of  a  cone,  as  the  sof^ 
Ht  of  the  head  of  an  aperture* 

Wb^i  the  envelope  of  the  covering  is  found  by  the  rul^ 
aid  down  under  the  article  Masonry,  page  543,  and 
:he  mould  is  made  with  a  thin  piece  of  boaid,  cut  out  the 
>oard  intended  to  be  bent,  and  run  a  number  of  saw  kerfs, 
nr  grooves  made  by  a  plane,  (which  are  preferable,)  equi- 
listeni  firom  each  other,  and  tending  to  the  centre,  and 
laving  fixed  it  to  a  templet,  made  to  the  surface  of  a  cone, 
inisb  it  io  the  manner  shown  in  the  last  method,  for  a 
^Hnder* 

To  glue  up  the  shaft  of  a  column^  supposing  it  to  be  the 
^rustmn  of  a  cone. 

Prepare  as  many  staves  as  the  circumference  mav  require, 
md  let  the  joints  ofeach.be  so  managed  as  to  fdl  in  the  fil- 
ets, which  disposition  will  be  stronger  than  if  they  were  to  fall 
n  the  middle  of  the  flutes.  Suppose  eight  pieces  to  be  suf- 
icient  to  constitute  the  shaft  of  a  column :  describe  a  circle 
o  the  diameter  of  each  end ;  about  each  circle  describe  txi  octa- 
gon ;  itom  the  concourse  of  each  an^le  draw  aline  to  the  cen- 
xe,  then  draw  an  interior  concentric  octagon,  with  eadi  side 
parallel  to  the  respective  sides  of  the  corresponding  one, 
md  the  distance  between  these  two  octagons  equal  to  the 
iiickness  of  the  staves ;  and  thus  the  section  of  the  staves 
¥ill  be  found  at  each  end,  and  consequently,  the  bevels  will 
>e  obtained  throughout  the  whole  length.  In  order  to  join 
:he  column,  glue  two  pieces  together,  and  when  quite  dry, 
^ue  in  blodcings  to  strengthen  them ;  join  a  third  piece  to 
iie  former  two,  and  seeum  it  also  by  blockings*  In  this 
nanner  proceed  to  the  last  piece  but  one.  In  fixing  the  last 
;)iecc,  the  blockings  must  be  idued  to  the  adjacent  staves  3 
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and  their  surfaces,  on  which  the  last  stare  is  intended  to 
rest,  must  be  all  in  the  same  plane,  that  its  back  may  tcu 
firmly  upon  them.  In  closing  up  the  remaining  space,  the 
part  of  the  column  that  is  gmea  together  should  be  kep 
irom  spreading  by  confining  it  in  a  kind  of  cramp,  or  en* 
die,  while  drivmg  the  remaining  stave  to  close  the  joints. 

Instead  of  the  forq^ing  mode,  some  joiners  glue  up  tk 
columns  in  halves  and  then  glue  them  together.  When  a 
iron  core  is  necessary  to  support  a  floor  or  roof,  thecoliai 
must  necessarily  be  glued  up  in  halves ;  in  which  caseic 
two  halves  are  to  be  dowelled  together,  and  the  joints  fiU 
with  white-lead.  Instead  of .  a  cramp,  a  rope  is.  onL 
twisted  by  means  of  a  lever.  In  bringing  the  two  hihe 
together,  the  percussive  force  of  the  maJUet  must  be  i^fW 
upon  the  midale  of  the  surface  of  one  half,  while  an  assist- 
ant holds  something  steady  against  the  middle  of  the  other, 
that  the  opposition  may  be  equal,  and  by  this  means  the 
surfaces  will  be  brought  into  contact,  and  form  the  job 
as  desired.  In  this  operation  pieces  of  wood  ought  to  beih 
serted  between  the  column  and  the  rope. 

Boards  can  be  connected  together  at  any  givy»  angie; 
either  by  pins  or  nails,  mortise  and  tenon^  or  by  indenCii^ 
them  together. 

This  last  mode,  from  the  sections  of  the  hollows  and  pro* 
jecting  parts  being  formed  like  a  dove's  tail,  is  called  dotf 
tailing. 

There  are  three  sorts  of  dovetailing ;  viz.  common,  1>P> 
and  mitre.  Common  dovetailing  shews  the  form  of  tbe 
projecting  parts,  as  well  as  of  tbe  excavations  made  to  rf- 
ceive  them  ;  lap  dovetailing  conceals  tbe  dovetail,  butdieffs 
the  thickness  of  the  lap  on  tbe  return  side ;  and  mitre  dof^ 
tailing  conceals  the  dovetail  and  shews  only  a  mitie  oo  d« 
edges  of  the  planes  at  the  surface  of  the  concourse ;  that  is 
the  edges  in  the  same  plane^  the  seam  or  join  being  in  the 
concourse  of  the  two  faces,  making  the  given  angle  witk 
each  other. 

Concealed  dovetailing  is  particularly  useful  where  the  facei 
of  the  boards  are  intended  to  form  a  saliant  angle ;  bet 
when  the  faces  form  a  re-entrtot  angle^  common  dovetaifiiif 
is  preferable. 

There  is  another  simple  and  expeditious  manner  of  con- 
necting the  ends  of  boards  tc^ther  where  the  faces  form  > 
re- entrant,  or  internal  angle,  by  means  of  a^roofeintb^ 
one,  and  a  tongue  in  the  other ;  and  if  the  pieoea  be  pre 
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>iisly  nailed  so  that  the  nails  be  uot  seen  in  the  faces^  t/iis 
U  answer  every  purpose  of  common -dovetaiiing. 
\s  various  methods  are  employed  in  connecting  pieces  of 
K>d  so  as  to  form  an  angle,  we  shall  here  present  the 
ider  with  soaie  of  the  best  examples. 

^gn.  S95  and  596  are  methods  of  connecting  two  pieces  of  wood  so  as 

*onn  two  hiternal  right  angles. 

31f8.  fi97,  5M»  599,  600,  601,  and  600,  exhibit  the  joining  of  boards  at 

oEknui  angle. 

n  Figs.  598  and  599  the  external  angle,  being  that  which  is  exposed 

light,  is  rounded  or  beaded. 

f*ig.  600  is  the  most  common  of  mitres. 

?ig.  €01,  a  lapped  mitre,  which  is  much  stronger  than  Fig.  600. 

Pif .  608,  a  lapped  andtongued  mitre. 

Pig.  608,  d«f  etailing. 

Fig.  60  K  secret  dovetailing. 

If  several  boards  are  required  to  be  joined  together  to 
rm  a  broad  face,  they  are  sometimes  strengthened  by  fix- 
^,  with  a  tongue  and  groove,  or  mortise  and  tenon, 
other  narrow  piece  across  each  end :  the  cross  piece  is 
rmed  a  clampy  and  the  board  thus  constructed  is  said  to 
:  clamped. 

The  most  simple  description '  of  door  is  constructed  of 
vend  boards  simply  rebated  together,  or  each  edge  plough- 
and  tongued ;  these  are  confined  together  by  a  transverse 
ece,  call^  a  Itdge  nailed  a  cross,  from  which  the  door  de- 
;es  the  name  of  a  ledge^door. 

When  strength,  durability,  and  beauty  ai^  to  be  combined, 
frame,  joined  by  mortise  and  tenon,  is  constructed  with 
le  or  more  openings  ;  and  these  openings  are  filled  with 
eces  called  panels^  fitted  into  grooves,  ploughed  in  the 
Iges  of  the  frame.  The  horizontal  pieces  of  the  framing  are 
lUed,  according  to  their  situation,  top^raily  bottom-raily 
ck-rail,  Bndfneze'-raiL  On  the  lock- rail  the  lock  is  either 
ortised  in,  or  screwed  on ;  and  the  frieze-rail  is  an  interme- 
ate  rail  between  the  top  and  middle  rail.  The  extreme 
^rtiteal  pieces  to  which  the  rails  are  fixed  are  called  stiles ; 
id  if  there  be  any  intermediate  piece  it  is  called  a 
minting. 

Doors  derive  their  names  according  to  the  manner  in 
hich  tbey  are  framed  and  the  number  of  panels  they  con- 
on,  as  one,  two,  four,  six,  &c.  panelled  doors ;  and  are 
irther  described  by  the  moulding  and  description  of  panel. 
Jib-doors  are  those  which,  when  shut,  are  as  much  con- 
3aled  as  possible.  They  are  used  to  preserve  the  uni- 
»rmity  of  a  room,  or  to  save  the  expense  of  a  corresponding 
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door.  Doors  otig^t  to  be  made  of  the  best  msleriplSi  per- 
fectly seasoned,  and ,  firmly  put  together ;  the  mitn  m 
scribhigs  should  be  brought  together  with  the  greatest  ex- 
lictness^  and  the  whole  of  their  surfaces  be  perfectly  smoodi 

The  mortising,  tenoning,  ploughing,  and^ckuigoftbe 
moiddings,  ouj^t  to  be  worked  con:ectly  to  UiegaogMiBes; 
otherwise  the  door,  when  put  together^  wiU  be  oit  tf 
truthf  and  occasion  the  workman  a  great  deal  of  trwA^ 
paring  the  different  parts  to  make  it  appear  satiifiMlaf: 
the  door  will  also  lose  much  of  its  firmness,  especidtyif  fe 
mortises  and  tenons  require  to  be  pared. 

In  bead  and  flush  doors^  make  the  work  squace^  aftff- 
wards  put  in  the  panels,  and  smooth  the  whole  off  to- 
gether ;  then,  markmg  the  panels  at  the  parts  of  the  te- 
mg  to  which  theyagree,  take  the  door  to  pieces,  and  woiktk 
b^s  on  the  stik^^  mountiags,  and  rails.  If  the  doors  m 
dottble  margin,  that  is,  reptesenting  a  paer  of  foUKngddoa 
tlie  staff  stile,  which  imitates  tide  inemng*etilesy  mtist  k 
inserted  into  the  top  and  bottooi  rails  of  the  door^  bf^  Art- 
ing  the  ends  into  notches  cut  in  the  top  and  bottom  fiib. 
)  In  the  hanging  of  doors,  the  chief  aim  is  to  cleiurlheGff' 
pet  or  ground ;  which  may  be  acoompdiibed  by  obimi¥ 
the  following  rules.  First,  let  the  floor  be  mised  under tk 
door,  according  to  the  intended  thickness  oi  the  ctipet; 
secondly,  let  the  knuckles  of  the  top  and  bottom  hinges  bese 
placed,  that  the  top  hinge,  hang,  or  prcriecC,  at^t  oaf 
eighth  of  an  inch  over  the  lower  ^  that  k,  if  the  hin^  be  let 
equally  into  the  door  and  into  the  jamb,  project  a  httle  b^ 
yond  the  surface  of  the  door ;  but  if  the  centre  lie  in  tk 
surface  of  the  door,  it  must  be  placed  at  the  vary  top,  whki 
is  seldom  done,  except  when  the  door  is  hung  with  centrs^ 
Thirdly,  let  the  jamb  on  which  tbe  door  faAOgs.  be  bs^ 
about  an  eighth  of  an  inch  out  of  the  perpei^cufaur,  tk 
upper  part  uiclining  towards  the  opposite  jarab ;  »' 
fourthly,  let  the  inclination  of  the  rebate  be  such,  Aat  tk 
door  shall,  when  shut,  project  at  the  bottom,  towards  tie 
ro<Mn,  about  an  eighth  of  an  inch. 

These  several  methods,  practised  on  so  small  a  scale,  s^ 
not  perceptible ;  but,  nevertheless,  vriil  throw  the  doo; 
when  opened,  to  a  square  sufficiently  out  ef  the  levd  { tW 
is,  at  least  half  an  inch,  when  the  height  of  the  door  t 
double  the  width. 

Several  kinds  of  rising  hinges  have  been  introduced  b 
this  purpose :  some  of  the  best,  eonstruoted  of  brasa,  tit  If 
no  means  objectionable,  even  to  tbe  best  4oors. 


Digitized 


by  Google 


535 


596 


BUIJLBINO 

From  595  to  6l4 
^^7  598 


nas 


599 


607' 


6o5 


\ 


5 


608 

4. 


607* 


606^ 


614 


«    J* 


^o9 


r^ 


60S* 


6i3 


Diginzed  by  V3 005 1 C 


Digitized 


by  Google 


AKD  MACHINIST.  591 

Before  we  proceed  lo  the  principles  of  hanging  doors^  we 
than  submit  to  the  reader  some  iiiformation  on  the  subject 
if  hinging  in  general. 

The  placing  of  hinges  tlepends  cnthrdy  on  the  form  of  the 
ioint,  and  as  tne  motion  of  the  door  or  closure  is  angi^ar,  and 
performed  romkl  a  ixed  liae  as  an  axis^  the  hinge  must  be 
so  fixed  that  the  motion  be  not  interrupted :  thus^  if  the  joint 
:iontain  the  surface  of  two  cylinders^  the  convex  one  in  mo- 
tion upon  the  edges  of  the  closure,  and  sliding  upon  the 
Qonottfe  one  which  is  at  rest  on  the  fixed  body,  the  motion 
of  ttie  closure  must  be  performed  on  the  axis  of  the  cylin- 
der, which  axis  must  be  the  centre  of  the  hinges.  In  this 
case,  whether  the  aperture  be  shut  or  open,  the  joint  will  be 
dose ;  but  if  the  joint  be  a  plane  surface,  it  is  necessary  to 
consider  upon  what  side  of  tne  aperture  the  motion  is  to  be 
performed,  as  the  hinge  must  be  placed  on  the  side  of  the 
dosure  where  it  revolves. 

The  hinge  is  made  in  two  parts^  movable  in  any  angular 
llrection,  the  one  upon  the  other. 

The  knuckle  of  the  hinge  is  a  portion  contained  under  a 
cylindric  surface,  and  is  common  both  to  the  moving  part 
ind  the  part  which  is  at  rest ;  the  cylinders  are  indented  in- 
to each  other,  and  are  made  hollow  to  receive  a  concentric 
cylindric  pin,  which  passes  through  theaa,  and  connects  the 
moving  parts  together. 

The  axis  of  the  cylindrical  pin,  is  called  the  axuofthe 


len  two  or  more  hinges  are  plaoed  upon  a  closure,  the 
ixis  of  the  hinges  must  be  in  the  same  straight  line. 

The  straight  line  in  which  the  axis  of  the  hmges  are  placed 
i  called  the  Kne  of  hinges. 

We  shall  now  proceed  to  the  principle  of  hang^g  doors, 
ihutters,  or  flaps,  with  hinges. 

1%«  centre  of  the  hiuge  u  genenilly  pnt  in  the  middle  of  the  joint,  an 
It  A.  Fi;.  005,  but  in  many  cases  there  is  a  necessity  for  throwmgf  bark 
!he  flap  to  «  certain  distance  from  the  joint ;  in  order  to  effect  this,  sup- 
x>se  the  flap  when  folded  back,  were  required  to  be  at  a  certain  distance 
Vmn  the  joint,  as  BA,  Fi|^.  605,  diride  BAin  two  equal  parts  at  the  point 
3,  and  it  will  jrfvc  the  centre  of  the  hinge.  The  centre  of  the  hinge 
oust  be  placed  a  small  degree  beyond  the  surflice  of  the  closure,  other- 
aite  it  will  not  faU  freely  back  on  the  jamb,  or  partition.  It  vm»t  alao  be 
iliserved,  that,  the  centre  of  the  hinge  must  be  on  the  same  aide  as  there- 
>4te,  or  it  will  not  open  without  the  joint  beiug  constructed  in  a  particu- 
ar  fonn. 

2b  h&ng  t90aflapsy  so  that  token  folded  iaok,  they  shall  be 
If  a  certain  dSstancefrom  each  other. 

This  is  easily  accomplished  by  means  of  hinges  having  knees  project- 
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in^  to  half  that  distance*  as  appears  from  Fi^.  007:  this  sort  oTliinrfK 
used  in  hanging'  the  doors  of  pews,  in  order  to  clear  the  moaldin«  of^ 
coping.  Fig.  ^7,  No.  2,  shows  the  same  hinge  opened. 

7h  make  a  rule  Joint  far  a  wi$idow^sAtitierj  or  other  foUr 
iwflap. 

Fig.  606»  No.  1.  Let  a  be  Uie  pkce  of  tiie  j<Hnt»  draw  a  e  at  rifltn- 
gles  to  the  flap,  shutter,  or  door,  talce  c,  in  the  line  a  c,  for  the  c^itRdf 
the  hinge,  and  the  plain  part  a  b,  as  may  be  thought  neoessarj ;  or(;ii 
a  radius,  c  6,  describe  the  arc  b  d;  then  will  a  b  d  be  the  true  jai 
The  knuckle  of  the  hinge  Is  always  placed  in  the  wood  ;  because  the  Mr 
it  is  inserted,  the  more  of  the  iomt  will  be  covered  when  it  is  opeiMdtoi 
right  angle,  as  in  Fig.  606,  No.  2 ;  but  if  the  centre  of  the  hinfcnr 
placed  the  least  without  the  thickness  of  the  wood,  it  would  i^ov  ai(|B 
space,  which  would  be  a  blemish. 

To  form  the  Joints  of  stiles,  to  be  htmg  together,  wha^ 
knuckle  of  the  hvige  is  placed  on  the  co7itrary  side  of  h 
rebate. 

Fig.  608.  Let  c  be  the  centre  of  the  hinge,  m  i  the  ioint  on  ^b0 
side,  c  b  the  depth  of  the  rebate  iu  the  middle  of  the  thickness  of  tbettriei 
perpendicular  to  t  m,  and  If  the  joint  on  the  other  side,  parallel  to  if 
bisect  t  /  at  k,  join  k  c,  on  kc  describe  a  semicircle  ctAr,  cutting  latfL 
through  the  points  k  and  k  draw  hk  g,  cutting//  at^;  then  will/^i  h% 
be  the  true  joint. 

Fi^.  G09  represents  the  common  method  of  hanring  shutters  topAe, 
the  hinge  being  let  the  whole  of  its  thickness  into  the  shutter,  andiwiisB 
the  sash-frame.  By  this  mode  it  is  not  so  firmly  hung  as  when  hslf  «fi 
is  let  into  the  shutter,  and  half  into  the  sash-frame ;  but  the  lining  Bark 
made  thinner. 

It  may  here  be  proper  to  observe,  that  the  centre  of  tk 
hinge  must  be  in  the  same  plane  with  the  face  of  the  shii- 
ter^  or  beyond  it^  but  not  within  the  thickness. 

How  to  construct  a  Joint  for  hanging  doors  with  centm- 

Fig.  614.  Let  a  </  be  the  thickness  of  the  door,  bisect  it  in  ^  drav^ 
perpendicular  to  a  b,  make  b  e  equal  to  b  a,  or  b  d,  or  c,  the  centre  rftk 
hinge,  with  a  radius  c  a,  or  c  d,  describe  an  arc,  a  ed,  which  will  f^ 
the  joint  required. 

Another  plan  is  represented  in  Fiff .  613.  Draw  a  b  parallel  to  the  j«i 
meeting  the  other  side  in  b,  make  b  a  equal  to  b  a,  and  join  « i/  and  «  e»  ^, 
sect  a  c  by  a  perpendicular  e/*,  meeting  a  d  in/,  then  /*  is  the  ceotrt  i 
the  hinge. 

Figs.  610,  611,  and  612,  exhibit  different  methods  of  hangmg  ft^ 
&c.  These  are  so  very  simple,  that  by  a  little  attention  the  reaider  ** 
icadily  perceive  their  uses  and  manner  of  construction. 

We  shall  now  detail  the  construction  of  sash-framA 
sashes^  and  shutters,  and  the  manner  of  putting  the  sere« 
parts  together. 

Fig.  615,  No.  1,  the  elevation  ;  No.  2,  the  plan ;  and  No.  &  tfce  ft^^ 
of  the  same ;  showing  the  manner  in  which  the  different  p»is  aie  tf** 
i.ected. 


Digitized 


by  Google 


61^ 


NwnQStodl? 


riM 


I-      4 


' ■  -  -Digitized  b^GOQQlC  ^ 


Digitized 


by  Google 


AND   MACHlllttt.  690 

No.  1.  A  Back.— B  Fluih  tkirtan^ ,  separated  from  th»  bade  by  fiosli 
veds,  and  showing  the  same  depth  of  punth  as  the  blocks  of  the  pilas* 
tn. — C  C  Blocks  or  plinths  to  pilasters. — ^D  D  Pilasters.— E  E  Patteras. 
•^a  aa  Inside  bead  of  sash-fnime. — b  b  b  rounded  edeeof  boxingp-stile. 

No.  8.  PUn  of  sash-frame,  shutters,  pilasters,  and  &e  different  parts 
le  CKplidned  in  the  figures. 

No»  S.  a  thickness  of  the  pilaster  or  architrare  |  b  the  rounded  edge  of 
he  boxing-stile ;  e  the  breadth  of  the  shutter  ;  d  bead  of  the  sash-frame ; 
under  sash ;  f  top  ditto ;  g  parting  bead  t  h  outside  lining  and  bead, 
the  breadth  of  the  rereal  or  outer  bnck-work  ;  k  k  lintels  made  of  strong 
ellow  deal  or  oak  ;  /  the  head  of  the  ground ;  m  the  architrave  or  pilaster 
ixed  upon  the  grounds ;  n  the  soffit,  tongued  into  the  top  of  the  sash« 
rame-head ;  and,  on  the  other  edge,  into  the  head  of  the  architrave  m  \ 
•  the  sash-frame  head  \  p  the  elbow ;  q  capping ;  r  sash-frame  cill ;  9  sash<< 
ill;  ^stone-ciU. 

The  face  of  the  pulley-stlle  of  eveiy  sash-frame  ought  to 
>roject  about  three-eighths  of  an  inch  beyond  the  edge  of 
he  brick- work;  that  is,  the  distance  between  the  face  of  each 
)ulley- stile  ought  to  be  less  by  three  quarters  of  an  inch 
ban  in  the  clear  of  the  reveals  on  the  outside  ;  so  that  the 
ace  of  the  shutters  ought  to  be  in  the  same  plane  with  the 
itone  or  brick-work  on  the  outside. 

Fig.  610  shows  a  plan  of  a  sash-frame  and  shutter  on  the  same  princi- 
Ae  as  the  foregoing,  and  which  may  be  applied  to  a  similar  window. 

As  the  thiclmess  of  the  wall  is  here  conceived  to  be  less  than  in  the  fore- 
:oing  example,  another  back-flap  is  introduced  i—a  the  outside  lining  $ 
'  the  puUey-stUe ;  c  the  inside  linm^ ;  d  the  back  lining ;  e/the  weights ; 
f  parting  slip  of  weights  ;  h  parting  bead  to  sashes ;  t  inskle  beiui ;  k 
lack  lining  oi  boxing ;  /  ground,  or  boxin^-stile,  grooved  to  receive  the 
»lastering ;  m  front  shutter  hung  to  the  inside  lining,  c,  of  the  sash- 
rame  by  the  hinge  n;  op  back  flaps  hinged  together  at  q,  and  to  the 
butter  at  r  ;  s  architrave  or  pilaster. 

Fig.  617.  Is  a  vertical  section  of  the  cill,  &c.  of  the  same  sash-frame  i 
I  bottom  rail  of  sash ;  b  cill  of  the  sash-frame ;  e  back  of  recess  of  win- 
ow  ;  d  coping  bead,  or  cappina^  let  into  the  sash-frame  cill ;  e  inside 
«ad,  tongued  on  the  top  of  the  cnl ;  k  outside  lining ;  /space  for  the  top- 
ash  to  run  in ;  g  parting  bead. 

StAIRS4 

This  is  one  of  the  most  important  subjects  connect-^ 
d  with  a  joiner's  art,  and  should  be  attentively  consi- 
lered,  not  only  with  regard  to  the  situation,  but  as  to  the 
lesign  and  execution.  The  convenience  of  the  building; 
epends  on  the  situation  ;  and  the  elegance^  on  the  design 
nd  execution  of  the  workmanship.  In  contriving  a  grand 
difice,  particular  attention  must  be  paid  to  the  situation  of 
he  space  occupied  by  the  stairs,  so  as  to  give  th«m  the 
dost  easy  command  of  the  roomtf. 

With  regard  to  the  lighting  of  a  good  staircase,  a  sky^- 
j^ht^  or  rather  lantern^  it  tte  most  appropriate }  for  tbM# 

2  a 


Digitized 


by  Google 


iA4  THE    OPXRATIYB    MflCHANK 

Qnite  elegance  with  uUUljr,  that  is,  admit  a  powerfiil  li^ 
witli  el^^nce  in  the  design  ;  indeed^  where  the  stjurcaie 
does  not  ad[join  the  exterior  walls,  this  is  the  ooly  U^t  thit 
cap  be  admitted*  Where  the  hdgbt  of  a  9tory  is  eoaader- 
able,  resting  places  are  necessary,  which  go  midei  die  nisK 
of  qitarter-^acesj  and  kaif'-paces,  according  aa  the  passenger 
haa  to  pass  one  or  two  right-^an^^^  0iat  is,  as  ne  has  id 
describe  a  quadrant  or  semh*circle«^  Ih  Tery  high  stods, 
which  admit  of  suffictanl  head-^rooo^  aad  where  the  iper 
allowed  for  the  staircase  is  confined,  the  staircase  af 
have  two  revolutions  in  the  height  of  one  story,  which li 
lessen  the  height  of  the  steps ;  but  in  grand  staircases  o^ 
one  revolution  can  be  admitted,  the  length  and  breattt^ 
the  space  on  the  plan  beiujg  always  proportioned  to  tht 
height  of  the  building,  so  as  to  admit  of  fixed  proportKN^ 

The  breadth  of  the  steps  ought  never  to  be  more  thaal' 
inches,  or  less  than  nine  ;  the  height  not  more  than  sem 
or  less  than  five:  there  are  cases,  however,  which  art  & 
eeptions  to  all  rule.  When  the  height  of  the  story  is  gin 
in  feet,  and  the  height  of  the  step  in  inches,  you  mav  tW 
the  feet  into  inches,  and  divide  it  by  the  number  oi  iad© 
the  step  is  high,  and  the  quotient  will  give  the  number  d 
steps. 

It  is  a  general  maxim,  that  the  greater  breadth  of  a^* 
reouires  less  height  than  one  of  less  breadth  :  thus,  a  s^ 
oi  12  inches  in  breadth  will  require  a  rise  of  5^  inches,  v^ 
n^y  be  taken  as  a  standard,  to  regulate  those  of  other  i- 
mensions. 

Though  it  is  desirable  to  have  some  criterion  as  a  gakieK 
the  arrangement  of  a  design,  yet  workmen  will,  of  count 
vary  them  as  circumstances  may  require.  Stairs  are  t» 
structed  variously,  according  to  the  situation  and  desti^ 
tion  of  the  building. 

Geometrical  stairs  are  those  which  arc  supported  If 
having  one  end  fixed  in  the  wall,  and  every  step  hi  ttei^ 
cent  having  an  auxiliary  support  from  that  immedialdy  be- 
low it,  and  the  lowest  step  from  the  fl^or. 

Bracket-^stairs  are  those  wbicb  have  an  opening  or  inL 
with  strings  and  newels,  and  are  supported  by  landings  «i 
earrii^s ;  the  brackets  are  mitred  to  the  ends  of  each  n» 
and  are  fixed  to  the  strings-board,  wUch  is  mouMed  bda* 
like  an  arcbiti'ave. 

Dog-legged  stairs  are  those  which  have  no  opemD&  ^ 
well-hote,  and  have  t^e  rail  ind  balusters  of  both  the  pro- 
gressive and  retara^i|ig  flights  faUiog  kk  the  sameYefUc* 
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^anes,  the  steps  being  fixed  to  strings,  newds,  and  car- 
riages, and  the  ends  cl  the  steps  of  the  inferior  kind  termi- 
nating  ooiy  npon  the  side  of  the  string,  without  any  housing. 
In  taking  dimeiisions  and  laying  down  the  plan  and  section 
of  stairs-oases,  take  a  rod,  and,  having  lucertained  the  num- 
ber of  steps,  mark  the  heip;ht  of  the  story,  by  standing  the 
rod  on  the  lower  floor :  divide  the  rod  into  as  many  equal 
pmrtB  as  there  are  to  be  risers,  then,  if  you  have  a  level  sur^ 
face  to  work  upon  below  the  stair,  try  each  of  the  risers 
as  you  go  on,  and  this  will  prevait  any  excess  or  defect ;  for 
aay  error,  however  small,  when  multiplied,  becomes  of  con- 
sicferable  mq^tude,  and  even  the  difference  of  an  inch  in 
the  last  riser,  will  not  only  have  a  bad  effect  to  the  eye,  but 
vnll  be  apt  to  confuse  persons  not  thinking  of  any  such  ir^ 
r^ularity.  In  order  to  tiy  the  steps  properly  by  the  story 
rod,  if  you  luwe  not  a  level  surface  to  work  from,  the  better 
way  will  be,  to  lay  two  rods  on  boards^  and  level  their  top 
sur&ce  to  that  of  the  floor :  place  one  of  these  rods  a  little 
^thin  the  string,  and  the  other  near  or  close  to  the  wall,  to 
as  to  be  at  ricrht  angles  to  the  starting  line  of  the  first  riser, 
or,  which  is  tne  same  thing,  parallel  to  the  plan  of  the  string ; 
set  off  the  breadth  of  the  steps  upon  these  rods,  and  num- 
ber the  risers ;  you  may  set  not  only  the  breadth  of  the 
flyers,  but  that  of  the  winders  also.  In  order  to  try  the 
story-^rod  exactly  to  its  vertical  situation^  mark  the  same 
distances  of  the  risers  upon  the  top  edges,  as  the  distances  of 
tbe  plan  of  string-board,  and  the  rods  are  from  each  other. 
In  brftcket-stairs,  as  the  internal  angle  of  the  steps  is  open 
to  tbe  end,  and  not  closed  by  the  string  as  in  common  dog- 
legged  stairs,  and  the  neatness  of  workmanship  is  as  much 
regarded  as  in  geometrical  stairs,  the  balusters  must  be 
neatly  dove-tulcd  into  the  ends  of  the  steps,  two  in  every 
step.  The  face  of  each  front  baluster  must  be  in  a  straight 
surface  with  the  feice  of  the  riser,  and,  as  all  the  balusters 
must  be  equally  divided,  the  face  of  the  middle  baluster 
must  stand  in  the  middle  of  the  face  of  tbe  riser  of  the  pre- 
ceding step  and  succeeding  one.  The  risers  and  heads  are 
all  previoufl^  blocked  and  glued  together,  and  when  put  up, 
the  under  side  of  the  step  nailed  or  screwed  into  tbe  under 
edge  of  the  riser,  and  then  rough  brackets  to  tbe  rough 
strings,  as  in  dog-le^ed  stairs,  the  pitching  pieces  and 
rough  strings  being  similar.  In  glueing  up  the  steps,  the 
best  method  is  to  make  a  templet,  so  as  to  fit  the  external 
angle  of  the  steps  iirith  the  nosing. 
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He  Steps  of  geometrical  stairs  ought  to  be  ooDstrocted* 
as  to  have  a  very  light  and  clean  appearance  when  pot  op: 
for  this  purpose,  and  to  aid  the  principle  of  strength,  the 
risers  and  treads^  when  planed  up,  ought  not  to  be  less  thai 
one  eighth  of  an  inch,  supposing  the  going  of  the  stur, 
or  length  of  the  step,  tabe  teur  feet,  and  for  every  six  indm 
in  length,  another  one-eighth  may  be  added.  The  rises 
ought  to  be  dove-tailed  into  the  cover,  and  when  the  stss 
arc  put  up,  the  treads  are  screwed  up  from  below  to » 
under  edge  of  the  risers,  llie  holes  for  sinking  the  heatktf 
the  screws  ought  to  be  bored  with  a  centre-bit,  then  tud 
closely  in  with  wood,  well  matched,  so  as  entirely  te  ooi* 
ceal  the  screws,  and  appear  as  one  uniform  surface.  Bnd- 
ets  are  mitred  to  the  riser,  and  the  nosings  are  con&iiai 
round.  In*  this  mode,  however,  there  is  an  apparent  de- 
fect ;  for  the  brackets  instead  of  giving  support,  are  then- 
selves  unsupported,  and  dependent  on  the  steps,  beingofs 
other  use,  in  point  of  strength,  than  merely  tying  the  ibeo 
and  treads  of  the  internal  angles  of  the  steps  together:  nut, 
from  the  internal  angles  being  hollow,  or  a  re-entrant  za^ 
eiccept  at  the  ends,  which  terminate  by  the  wall  at  one  exOt- 
mity,  and  by  the  brackets  at  the  other,  there  is  a  want  of 
regular  finish.  The  cavetto,  or  hollow,  is  carried  round  tk 
front  of  the  riser,  and  is  returned  at  the  end,  and  mitred 
round  the  bracket,  and  if  an  open  string,  that  i»,  the  ranis 
side  of  the  stairs  open  to  view,  the  hollow  is  continued  ako; 
the  angle  of  step  and  riser. 

The  best  plan,  however,  of  constructing  geometrical  stain 
is,  to  put  up  the  strings,  and  to  mitre  the  brackets  to  the 
risers,  as  usual,  and  enclose  the  soffit  with  lath  and  plaster, 
which  will  form  an  inclined  plane  under  each  flight,  aodi 
winding  surface  under  the  winders.  In  superior  staircases, 
for  the  best  buildings,  the  soffit  may  be  divided  into  paneb. 
If  the  risers  are  made  from  two-  inch  planks,  it  will  greatk 
add  to  the'solidity.  The  method  of  drawing  and  execotio; 
the  scroll,  and  other  wreath  parts  of  the  hand-rail,  will  be 
given  in  a  subsequent  part  of  this  article. 

In  constructing  a  flight  of  geometrical  stairs,  vriiere  \k 
soffit  is  inclosed  as  above,  the  bearers  should  aU  be  framed 
together,  so  that  when  put  up,  they  will  form  a  perfect 
.  staircase.  Each  piece  of  frame-work,  which  forms  a  riser, 
shoukl,^  in  the  partition,  be  well  wedged  at  the  ends.  Thi$ 
plan  is  always  advisable  when  strength  and  firmness  are  re- 
quisite, as  the  steps  and  risers  are  entirely  dependent  m  the 
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intned  carriages,  which,  if  carefully  put  together,  will  never 
yield  to  the  greatest  weight. 

Fig.  619  will  show  the  section  of  this  framing  firmly  put  together,  and 
wedged  into  the  partition,  as  alK>ve  described. 

In  preparing  the  string  for  the  wreath  part,  a  cylinder 
should  be  made  of  the  size  of  the  well-hole  of  the  stair- 
case, which  can  be  done  at  a  trifling  expense ;  then  set  the 
last  tread  and  riser  of  the  flyers  on  one  side,  and  the  first 
tread  and  riser  of  the  returning  flight  on  the  opposite  side, 
at  their  respective  heights  ;  then  on  the  centre  of  the  curved 
surface  of  this  cylinder,  mark  the  middle  between  the  two, 
and  with  a  thin  slip  of  wood,  bent  round  with  the  ruling 
edge,  cutting  the  two  nosings  of  these  fivers  and  passing 
through  the  intermediate  height  marked  on  the  cylinder, 
draw  a  line,  which  will  give  the  wreath  line  formed  by 
the  nosings  of  the  winders;  then  draw  the  whole  of 
the  winders  on  this  line,  by  dividing  it  into  as  many  parts 
as  you  want  risers,  and  each  point  of  division  is  the  nosing 
of  such  winder.  Having  thus  far  proceeded,  and  carefully 
examined  your  heights  and  widths,  so  that  no  error  may 
have  occurred,  prepare  a  veneer  of  the  width  intended 
for  your  string,  and  the  length  given  by  the  cylinder,  and 
after  laying  it  in  its  place  on  the  cylinder,  proceed  to  glue  a 
number  of  blocks  about  an  inch  wide  on  the  back  of  the 
veneer,  with  their  fibres  parallel  to  the  axis  of  the  cylinder. 
When  dry,  this  will  form  the  string  for  the  wreath  part  of 
the  staircase,  to  be  framed  into  the  straight  strings.  It  is 
here  necessary  to  observe,  that  about  five  or  six  inches  of 
the  straight  string  should  be  in  the  same  piece  as  the  circu- 
lar, so  that  the  joints  fall  about  the  middle  of  the  first  and 
last  flyers.  This  precaution  always  avoids  a  cripple,  to 
which  the  work  would  otherwise  be  subject. 

Fir.  618,  No.  1,  is  a  plan  of  a  dogflegg^  staii;case,  a  the  seats  of  the 
newels,  e  the  seat  of  the  upper  neweL 

No.  2.>The  elevation  of  the  same. 

AB.  The  newels ;  the  part  AC  being  tamed. — ^I>E  the  upper  newel. — 
FG  the  carriage  piece.— HI  upper  string  board  framed  into  the  newel.— 
K  a  joist  framed  mto  the  trimmer. 

To  describe  the  ramps  ;  produce  the  horizontal  parjt  of  the  knee  to  L,, 
and  also  the  under  side  of  the  rail  until  it  meets  the  face  of  .the  first  balus- 
ter, at  c,  make  c  d  equal  to  c  D,  and  upon  A  </,  and  from  the  point  d,  draw 
theperpendicular  d  L,  and  L  is  the  centre  for  describing  the  ramps  d  l). 

The  stotj-rod  a  6  is  a  ver?  necessary  article  infixing  the  steps ;  for,  if 
a  common  rule  be  used  for  this  puqM>se,  tiie  workmen  will  be  verj  liable 
to  err  and  render  the-stairs  extremely  faulty,  which  cannot  take  place  if  the 
story-rod  be  applied  to  erery  riser,  and  the  successive  risers  be  regulated 
27  it. 
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In  tbe  censtraction  of  dog-legged  stairctses,  the  first 
thing  is,  to  take  the  dimensions  of  the  stair,  and  the  haght 
of  the  story,  and  lay  down  a  plan  and  section  upon  a  fioat 
to  the  full  size,  representing  M  the  newels  and  steps ;  tko 
the  situation  of  the  carriages,  pitching  pieces,  long  and  crosi 
bearers,  as  also  the  string  boards ;  the  strings,  rails,  nd 
newels,  being  framed  together,  must  be  fixed  with  tempony 
supports^  The  string-board  will  show  tbe  sitoation  of  it 
pitchine^rpieces,  which  must  be  put  up  in  order^  wedgai 
one  end  nrmly  into  the  wall,  and  fixing  tbe  other  totk 
string-board ;  this  being  done,  pitch  up  the  rou^  strap, 
and  finish  tbe  carriage  part  of  the  flyers.  Having  i^ooeedei 
thus  far,  the  steps  are  next  applied,  beginning  at  the  bot- 
tom and  working  upwards^  tbe  risers  being  all  firmly  niiU 
Into  the  treads. 

In  the  best  kind  of  dog-lq;ged  stairs,  the  nosings  «t  re- 
turned ;  sometimes  the  risers  are  mitred  to  the  brackets,  n^ 
sometimes  mitred  with  quaker  strings*  In  the  latter  casi 
hollow  is  mitred  round  the  iAtemal  angle  of  the  nnder  Mk 
of  the  tread,  and  the  face  of  .the  riser.  Sonsetimes  tk 
string  is  framed  into  the  newel,  and  notched  to  receive  tk 
ends  of  the  steps  $  the  other  end  having  a  correspondinf 
notch-board,  and  the  whole  flight  betng  put  up  like  a  step* 
ladder. 

Fig.  619,  No.  1  and  2,  is  a  plan  and  elevation  of  a  ceometricd  ltn^ 
cafte.  The  lower  part.  No.  2,  shows  the  section  of  toe  steps  and  c»- 
ria^es,  which  are  franked  together  as  directed  in  a  former  part  of  t^i 
article. 

The  methods  of  finding  the  different  moulds  necessaiy  is 
the  formation  of  the  wreath  part  of  the  hand-rail,  will  be 
fi>und  in  the  ne:$t  plate. 

7b  draw  the  scroll  of  a  hand-rail. 

Fig.  620.  First  make  a  circle  9)  inches  in  diameter,  divide  theduusetir 
into  three  equal  parts,  make  a  square  in  the  centre  of  the  circle  eqa>}^ 
one  of  those  parts,  and  divide  eacn  side  of  the  square  into  six  equal  ptftt- 

Fig.  4,  shows  this  square  on  a  lar^r  scale,  and  laid  in  the  tane  pootKt 
as  the  little  square  ahove,  with  the  different  centres  marked.  Tbe  ec^ 
at  1  draws  from  a  to  6,  the  centre  at  %  from  6  to  e,  and  the  ceatxe  it  S 
from  e  to  <f,  &c.  which  will  complete  the  outside  revolution  at  A :  wt  ^ 
thickness  of  the  rail  from  e/and  to  x,  draw  the  inside  the  tpHsm  *<?< 
and  the  scroll  will  be  completed. 

To  draw  the  curtail-steps. 

Set  the  balusters  in  their  proper  places  on  eaiAi  quarttr  of  tbe  icrdl 
Fig.  8,  the  first  baluster  showing  the  return  of  the  nofinr  roood  ^ 
step,  the  second  placed  at  the  ^ginning  of  the  twist,  and  thethtrdi 
quarter  distant,  and  straight  with  the  front  of  the  last  riser ;  then  ui  ^ 
projection  of  the  uosiuj^  without,  and  draw  It  round  aqnalff  dSstaatta 
the  scroll,  which  will  give  the  form  of  the  curtail. 
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i  As  Om  method  of  getting  a  bctoU:  out  of  a  solid  pkcc  of 
«ood,  hifioj^  Che  graitt  of  the  wood  to  run  in  the  saove 
Urection  with  the  t$k\^  is  far  preferable  to  any  other  method 
irith  joiats,  being  much  sttongfsr  and  mord  beautiful  than 
my  other  scroll  with  one  or  tiiH>  joints,  we  shall  here  give  the 
nethod  of  ftndibg  a  ftoe-momld  to  apply  on  the  face  of  tbn 
plank. 

Place  ysnr  (liteh  board imn  witii  m  n  passins'  through  the  eye  of  the 
icfollt  tlien  draw  ordiiialeB  across  the  scroll  at  discretion,  and  take  ths 
^Qgth  of  t)ie  line  o  n,  with  it«  divisions,  and  lay  it  on  o  n,  atFi^.  6^1,  then 
he  ordinate  being  drawn,  take  the  different  oistanoes  2jt,  Sz^A^ify  &c. 
itid  transfer  them  to  it  y,  3  ir,  4  9,  &e.  and  the  rest  of  the  points  being  taken 
n  the  same  manner,  a  cunrs  majr  be  .traced  which  wiU  be  the  faoe*nioukl 
reqoired. 

Tojind  tk»  parallel  thiektMi  iifthe  pktnk. 

Fig.  088.  Let  /ffin  be  the  pitch  board,  and  let  the  level  uf  the  scroll 
rise  oae-tbEfb,  that  it,  difide  /  m  into  six  e^al  parts,  and  the  bottom 
livisioa  it  the  top  of  the  level  of  the  soroil:  from  the  end  of  the  pitch 
MNod,  teton  n  to  o,  half  the  thickness  of  abaluster,  to  the  inside  ;  then  set, 
Tom  9io  p%  half  the  width  or  the  rail,  and  draw  the  form  of  the  rail  oil 
fic  end  at  0,  the  point  m  being  where  ths  front  of  the  riser  comes,  tln$ 
>oint^  Will  be  the  pr(>$eeti9n  of  the  rail  before  it :  draw  a  dotted  line  i6 
wanh  the  noee  ef  the  Bcroll,  pamllel  with  i  m  then  the  distance  betweea 
hit  dotted  Une  and  the  •n4er  tip  of  the  scroll,  will  show  the  exact  thjek- 
icss  of  plankinff ;  W  there  is  no  occasion  for  the  thickness  to  cou:e  ouita 
0  ihb  under  side,  for  if  it  come  to  the  under  side  of  the  hollow  it  will  be 
nfficient,  as  a  Kttle  bit  glued  nnder  ^e  hollow  could  not  be  diacemible, 
ind  can  be  no  hurt  to  the  scroll.  In  ordinary  cases,  where  the  tread  is 
bout  11  ineh^  and  rise  6^  a  afer^U  eaa  be  got  oat  of  a  pieo^,  about  4| 
aches  thick. 

To  describe  a  section  of  a  hand-rail j  supposing  it  to  be  two 
nches  deep,  and  two  and  a  quarter  inches  broad,  the  ustial 
liinensions. 

Fig.  628.  Let  ABCD  be  a  section  of  the  rail,  as  squared ;  on  AB  de- 
cribe  an  equilateral  triangle  AB  a  ;  from  a,  as  a  centre,  describe  an  arc  , 
J  touch  AB,  and  to  meet  a  A  and  a  B ;  take  the  distance  between  the 
oint  of  section  in  o  A  and  the  point  A,  ind  transfer  It  fiom  the  point  o« 
sction  to  k,  upon  the  smne  line  m  A,  join  DAr ;  from  Ap,  with  the  distanca 
etween  k  and  the  end  of  the  are,  describe  ttiother  are,  to  ueetD  Ar ;  witk 
le  same  distance  describe  a  third  arc,  of  contrary  curvature,  and  draw  a 
prtical  line  to  touch  it ;  which  will  form  one  sine  of  the  section  of  the 
lil,  and  the  counter  part  may  be  formed  by  a  similar,  operation. 

The  branch  of  Joinery  that  falls  under  our  next  and  lasfc 
onsideration  h  that  of  hand-  railing ;  which  calls  into  action 
II  the  ingenuity  and  akill  of  the  workman.  This  art  con- 
ista  in  constructing  hand-trails  by  moulds,  according  to  the 
eometrical  princi^es,  that  if  a  cylinder  be  cut  in  any  d!^ 
sction,  except  parallel  to  the  axis,  or  base,  the  section  will 
e  an  ellipsis ;  if  cut  paralld  to  the  axis,  ik  rectangle ;  and  if 
araBel  to  the  baae,  a  cirde. 


Digitized 


by  Google 


THX  WXRAJIVB  MBCfiANIC 

Now,  suppose  a  hollow  cylind^  be  made  to  theaiaaof  Att 
wellv-hole  ot  the  stair-roase,  (he  interior  concave,  and  tbtob" 
terior  convex ;  and  the  cylinder  be  cut  t^  any  inclined  or 
oblique  plane,  the  section  formed  will  be  bounded  by  two 
concentric  similar  dlipses ;  consequently,  the  section  wil 
be  at  its  greatest  breadth  at  each  extreiqity  of  the  latftt 
axis,  and  its  least  breadth  at  each  extremity  of  the  amsUff 
axis.    Therefore,  in  any  quarter  of  the  ellipsis  there  will  k 
a  continued  increase  of  breadth  from  the  extremity  of  tk 
lesser  axis  tQ  th^t  of  the  greater.    Now  it  is  evident  Unti 
cylinder  can  be  cut  by  a  plane  through  any  three  poiiia; 
therefore,  supposing  we  have  the  height  of  the  rail  at  mj 
three  points  in  the  cylinder,  and  that  we  cut  the  cytindv 
through  these  points,  the  section  will  be  a  figure  equal  lal 
similar  to  the  face->mould  of  the  rail ;  and  if  the  cyknderbe 
cut  by  another  plane  parallel  to  the  section,  at  such  a  d» 
tance  from  it  as  to  contain  the  thickness  of  the  rail,  tki 

Krtion  of  the  cyliiider  will  represent  a  part  of  the  rail  witk 
vertical  surfaces  already  worked ;  .and,  again,  if  the  back 
and  lower  surface  of  this  cylindric  portion  be  sqqared  lo 
vertical  lines,  either  on  the  convex  or  ooncave  side,  throogh 
two  certain  parallel  lines  drawn  by  a  thin  piece  of  wood 
^hich  is  bent  on  that  side,  the  portion  of  the  cylinder  dm 
formed,  will  represent  the  part  of  the  rail  intended  to  ki 
made. 

Though  the  foregoing  only  relates  to  cylindrical  wd- 
hol^s^  it  is  equally  applicable  to  rails  erected  on  any  sen 
whatever. 

The  face-mould  applies  to  the  two  faces  of  the  plank,  and 
jis  regulated  by  a  line  drawn  on  its  edge,  which  line  is  ver- 
tical when  the  plank  is  elevated  to  its  intended  positioB. 
This  is  also  ca^UccI  thp  rahing-mouH. 

The  fallingrmauld,  is  a  parallel  piece  of  thin  wood  aih 
plied  and  bent  to  the  side  of  the  raiUpieoe,  for  the  purpose 
of  drawing  the  back  and  lower  surface,  which  should  be  » 
fornoed,  that  ^very  level  straight  line,  directed  to  the  axis  oi 
the  well-bole,  from  every  point  of  the  side  of  the  rail  formed 
ty  the  edges  of  the  falling  mould,  coincide  with  the  aurfiioe. 

In  order  to  cut  the  portion  of  raU  required,  out  of  the  leas: 
possible  thickness  of  stuff,  the  plani^  is  so  turned  up  on  one 
pf  its  angles,  that  the  upper  surface  is  no  where  at  rigbt 
angles  to  a  vertical  plane  passing  through  the  phord  of  tbe 
plane ;  the  plank  in  this  position  is  said  to  be  sprung 

The  ^cA-ioard,  is  arightrangled  triangular  board  made 
|p  the  ris<p  and  tread  of  the  step,  on^  ^de  forming  the  right 
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mn^  «f  the  width  of  the  tread,  and  the  other  of  the  height 
4*f  the  riser.  When  there  are  both  winders  and  flyers,  two 
pitch'  boards  must  be  made  to  their  respective  treads,  but, 
of  course,  of  the  same  height,  as  all  the  steps  rise  the  same. 

The  bevel  by  which  tne  edge  of  the  plank  is  reduced 
from  the  right  angle  when  the  plank  is  sprung,  is  termed 
tfce  spring  of  the  planky  and  the  edge  thus  bevcUed  is  called 
the  sprung  edge. 

The  bevel  by  which  the  face  mould  is  regulated  to  each 
mde  of  the  plank,  is  called  the  pitch. 

The  formation  of  the  upper  and  lower  surfaces  of  a  rail  is 
called  the  falling  of  the  rail;  the  upper  surface  of  the  rail 
is  termed  the  back. 

In  the  construction  of  hand-rails,  it  is  necessary  to  spring 
the  plank,  and  then  to  cut  away  the  superfluous  wood,  as 
clirected  by  the  draughts,  formed  by  the  face-mould  ;  which 
■Day  be  done  by  an  experienced  workman,  so  exactly,  with 
m  saw,  as  to  require  no  further  reduction  ;  and  when  set  in 
its  idace,  the  surface  on  both  sides  will  be  vertical  in  all 
parts,  and  in  a  surfoce  perpendicular  to  the  plan.  In  order 
to  form  the  back  and  lower  surface,  the  falling  mould  is  ap- 
plied to  one  side,  generally  the  convex,  in  such  a  manner^ 
that  the  upper  edge  of  the  falling  mould  at  one  end,  coin- 
cides with  the  face  of  the  plank;  and  the  same  in  the 
middle,  and  leaves  so  much  wood  to  be  taken  away  at  the 
other  end  as  will  not  reduce  the  plank  on  the  concave  side ; 
— the  piece  of  wood  to  be  thus  formed  into  the  wreath  or 
twist  being  agreeable  to  their  given  heights. 

In  the  following  figures,  we  have  given  the  method  o. 
finding  the  moulds  necessary  for  constructing  a  hand-rail  on 
a  circular  plan. 

Fi|^.  S88,  is  the  plan,  thowinf^  part  of  the  winders,  which  in  this  case 
are  ei^ht,  at  also  tne  seat  of  the  joint. 

Fig.  924.  Let  AAA«  &c.  he  the  outside,  and  a  a  a,  &c.  the  inside  of  the 
plan.  BCD  a  line  passings  throurh  the  middle  of  the  breadth,  BC  beingf 
«traig:ht,  and  CD  one-fonrth  of  Uie  circumference  of  the  circle,  the  point 
K  in  the  middle  of  the  arc  CD,  B  at  one  extremity  of  the  line  BCED, 
«b4  D  at  the  other. 

Divide  the  quadrant  CD  into  an^  number  of  equal  parts,  which  in  this 
r sample  are  four.  Draw  the  strai^t  line  MN,  and  make  MN  equal  to 
the  derelopement  of  the  anadrant  AAA,  &c.  on  the  convex  side.  Draw 
MO  perpendicular  to  MN,  and  make  MO  equa}  to  the  height  of  a  step ; 


r  OP  pmllel  to  MN,  and  make  OP  equal  in  length  to  the  width  of 
•Sep,  siidjoin  PM. 

Draw  N  s  perpendicular  to  MN.  In  N  t  make  N  o  equal  to  the  height 
of  four  of  the  winders,  and  join  o  M  *  curve  off  the  angle  at  M,  in  the 
snanner  shown  below,  bjr  intersection  of  lines :  Throurh  o  draw  x  y  per<i 
pmdiciilar  to  M«,  nwke  •  m  and  oy  each  eqnal  to  half  the  width  of  th» 
faDing  mouldi  and  draw  theopper  and  lower  edges  of  the  mould. 
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JgSh  DH.  Fig.  094,  and  produce  DB  to  P.  Draw  t>0  md  EL.  tbkt 
DO  equal  to  one-fourth  (or  any  part  oO  the  beii^bt  from  N  to  the  ippcf 
edge  of  the  fallinr  mould.  Fig.  625,  and  £L  eaual  to  Qne-»fourth,  artk 
same  part,  of  the  height  from  Qto  the  upper  eage  of  the  fallin?  minVl 
Join  OL  and  produce  it  to  meet  DE  in  F,  join  the  dotted  line  BF.  Dnr 
IK,  through  the  centre  F,  perMndkoUr  to  BF.  thraw  «  6, «  6,  &^.w«- 
ing  IK.  At  pBj  convenient  dislanoe  from  KI  drair  c  d  parallel  taDL 
Make  the  perpendicular  of  the  face*  mould  equal  to  its  corretpoado^ 
height  on  tne  falling  mould,  and  draw  the  straight  line  ee;  thf n  dm 
ordmates  A  6,  A  6,  &c.  continue  them  until  they  meet  e  e,  and  fron  de 
^ointo  of  intersection  draw  perpendiculars  to  c  e,  and  set  off  the  diftuos 
at  shown  by  corresponding  letters.  Then  by  tracing  a  curve  tkn^ 
these  points  the  face  mould  will  be  completed. 

The  top  line  rrr,  &c.  is  left  on  the  lalline  mould,  to  regulate  itna- 
tion  when  bent  upon  the  convex  surface,  as  the  line  rrr,  and  will  fall  sa 
the  plane  surface  of  the  top  of  the  plank.  This  line  is  obtained  by  nia^ 
the  perpendiculars  /r,  8  r,  fr,  ite.  equal  to  the  correspandin|  perf» 
dtculars/  b,  fh,  &e.  Fig.  684.  To  find  the  fact*mould  of  a  staircase,  a 
that  when  set  to  its  proper  rake  it  will  be  perpendicular  to  the  pUn  «k» 
on  it  stands  for  a  level  landincr. 

Fig.  626.  Draw  the  central  line,  a  b,  parallel  to  the  sides  of  the  n% 
on  the  right  line  a  k  apply  the  pitch-board  of  a  flyer,  from  bto  ek* 
ordinnles  n  m,  o  p,  qr,  $  t,  U9,  nJt  discretioii,  observi^  to  draw  oae fr* 
the  point  r,  so  Uiat  you  may  obtain  the  same  point  exactly  in  the  &(•• 
mould  ;  then  take  the  parts  which  the  ordinates  give  on  the  line  ahM 
apply  them  at  Fig.  627,  and  take  the  distances  m  n,  p  o,  &c.  and  tm^ 
them  to  Fig.  687,  and  a  curve  through  these  points  will  be  the  fsee-mtfi 
required. 

To  find  the  falling  mould. 

Fig.  686.  Divide  the  rMins  of  the  circle  into  (our  eqnld  parth  mi^ 
three  of  these  parts  from  4  to  a ;  through  jp  y,  the  extremltiei  of  t^ 
diameter  of  the  rail,  draw  ax  and  ay,  producing  them  till  tbej  tmri 
the  tanr ent  AB  ;  then  will  AB  be  the  circumference  of  the  tesiiarv 
Mby,  which  is  applied  from  A  to  B,  Fig.  626,  as  a  base  line.  MiittAi 
the  height  of  a  step;  draw  the  hypotenuse  a  Bi  apply  the  pi^.^ 
of  a  flyer  at  a  6  c,  and  Bde,  then  eurve  off  the  aiurte  by  interttdiiss 
fines*  and  draw  a  line  parallel  to  it,  for  the  upper  eage  or  the  mooU. 


MBAftUftBS   CUSTOMARY  IN  JOINBRs'   WOEK* 

Prepared  boarding  lA  measured  b^  the  foot  superfidili 
the  following  being  the  different  dislmctions :— edges  sbot; 
edge  shot,  ploughed^  and  tongued ;  wrought  on  one  «^ 
and  edges  shot;  wrought  on  both  sides^  and  ectees  shot; 
wrought  on  both  sides,  plonghed,  and  torigfued;  boar* 
keyed  and  clamped,  mortbe-'clamped,  aiid  mortise  ^ 
mitre-clamped.  The  prices  are  regidatcd  accordhigtotbe 
thickness.  If  the  boards  be  glued,  an  additional  price  per 
foot  is  allowed;  If  tongued,  still  more,  according  to  the 
description  of  tongue.  In  boarded  flooring,  tl»  dimeosioB* 
are  taken  to  the extreode  parts,  from  whi<£  the  sqvire**^ 
to  be  conipated*     Dedvetiom  far  cMflUwysi  gtmt-cti^ 
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ftc.  ate  taken  from  ^is.  The  price  depends  on  the  ^hn 
face^  whether  wrought  or  plain,  the  manner  ot  the  longt*** 
tudinal  and  heading-jointd,  the  thickness  of  stuff,  whether 
the  boards  be  laid  one  after  the  other,  or  folded,  or  whether 
the  floor  be  laid  with  bocutls,  battens,  or  wainscot.' 

Skirting,  when  wide,  is  also  measured  by  the  foot  super- 
ficial ;  the  price  depending  upon  the  position,  whether  level, 
raking,  or  ramping,  or  upon  the  manner  of  finishing,  whe« 
ther  plain,  torus,  or  rebated,  or  scribed  to  the  floor,  or  to  the 
steps,  or  upon  the  plan,  whether  straight  or  circular* 

Weather-boarding,  is  measured  by  the  square  of  100  su- 
perficial feet. 

Boarded  partitions  are  measured  by  the  squure,  from 
which  must  be  deducted  the  doors  and  windows,  except  an 
agreement  be  made  to  tbe  contrary. 

The  price  of  all  kinds  of  framing  depends  on  the  thick- 
ness, or  whether  the  firaming  be  pltin  or  moulded ;  and  if 
moulded,  the  description  of  mouldmg,  whether  struck  on  the 
solid,  or  laid  in,  mitred,  or  scribed ;  as  also  upon  the  num-* 
ber  of  panels  in  a  given  height  fmd  breadth,  and  upon  the 
nature  of  the  plan. 

The  different  kinds  of  wainscotting,  as  window  linings, 
door  linings,  back  linings,  partitions,  doors,  shutters,  &c< 
are  all  measured  by  the  superficial  foot. 

Windows  are  in  genend  valued  by  the  foot  superficial) 
though  sometimes  by  the  window-  When  measured,  the 
dimensions  are  taken  for  height,  from  the  top  of  the  cil)  to 
the  under  side  of  the  bead,  allowing  seven  inches  for  the 
head  and  cill ;  and  for  width  in  clear  of  pulley* stiles,  aJlow-* 
ing  eight  inches.  The  sash  and  frame  are  either  measured 
together  or  separately. 

Skylights  are  measured  by  the  foot  superficial,  their  price 
depending  on  the  plan  and  elevation.  FVamed  grounds  at 
per  foot  run. 

Ledged  doors  by  the  foot  superficial,  dado  by  the  super-' 
ficial  foot ;  the  price  depending  whether  the  plan  be  straight 
or  circular,  or  the  elevation  level  or  inclined. 

In  measuring  stair-cases,  the  risers,  treads,  and  carriages, 
aregenerally  classed  together,  and  measured  by  the  foot  su- 
perficial :  the  price  varying  as  the  steps  are  flyers  or  wind- 
ers, as  the  risers  are  mitred  into  the  string-board,  the  treads 
dove-tailed  for  balusters,  and  the  nosings  returned,  or  whe- 
ther the  bottom  of  the  risers  be  tongued  into  the  treiujs.  The 
curtail  step  is  generally  valued  as  a  whole.  Returned  nosings 
-At  so  much  each  i  and  rfcireular,  double  the  price  of  straight 
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oBes.  The  brackets  at  so  mu^h  each,  according  to  tbe  pat- 
tern, and  whether  stnught  or  circular. 

Hand-railing  is  measured  by  the  foot  run,  the  price  de- 
pending on  the  materials,  tbe  diameter  of  the  well-hole,  or 
whether  ramped,  swan-necked,  level,  circular,  or  wreathed, 
or  whether  made  out  of  the  solid,  or  in  thicknesses,  lie 
scroll  is  paid  at  per  piece.  The  joints  at  so  much  each,  aod 
three  inches  of  the  straight  part  at  each  end  of  the  wreatb 
are  included  in  the  measurement.  Deal  balusters  are  pre- 
pared and  fixed  at  per  piece  ;  as  also  iron  balusters,  iroo 
column  to  curtail,  housings  to  steps,  &c.  An  extra  allowance 
is  made  for  the  additional  labour  an  fixing  the  iron  balusten. 

The  price  of  string-board  is  regulated  by  the  foot  super- 
ficial, according  to  the  manner  in  which  it  is  moulded,  whe- 
ther straight,  circular,  or  wreathed,  and  the  manna*  ifi 
which  such  string  is  backed.  The  shafts  of  columns  ait 
measured  by  the  foot  superficial ;  the  price  depending  opec 
the  diameter,  and  whether  it  be  straight  or  curved,  or  pro- 
perly glued  and  blocked.  If  the  column  be  fluted  or  reeded, 
the  flutes  or  reeds  are  measured  by  the  foot  run,  their  price 
depending  upon  the  size  of  the  flute  or  reed  The  beaoii^ 
of  flutes  and  reeds  are  at  so  much  each.  Pilasters,  straight 
or  curved,  in  the  height,  are  measured  in  the  same  way,  ukI 
the  price  taken  per  foot  superficial  in  the  caps  and  bases  if 
pilasters;  besides  the  mouldings,  the  mitres  must  be  so 
much  each,  according  to  the  size. 

t  Mouldings  are  valued  by  the  foot  run,  as  double-faced  ar- 
chitraves, base  and  surbase.  The  bead  of  an  architrave  in 
a  circular  wall,  is  four  times  the  price  of  the  perpendicular 
parts,  not  only  on  account  of  the  time  required  to  form  tlie 
mouldings  to  the  circular  plan,  but  on  account  of  the  greater 
diflJculty  of  forming  the  mitres. 

All  horizontal  mouldings,  circular  upon  plan,  are  three  or 
four  times  the  price  of  those  on  a  straight  plan ;  being 
charged  more,  as  the  radius  of  the  circle  is  less :  housings  to 
mouldings  are  valued  at  so  much  each,  according  to  tbesiie. 

The  price  per  superficial  foot  of  mouldings  is  r^ulated  b]r 
the  number  of  quirks,  for  each  of  which  an  addition  is  made 
to  the  foot. 

The  price  of  mouldings  depends  also  upon  the  materUs 
of  which  they  are  made,  and  upon  their  running  figure,  whe- 
ther curved  or  raking. 

In  grooving,  the  stops  are  paid  over  and  above,  and  so 
much  more  must  be  allowed  for  all  grooves  wrought  ly 
Iiaod,  particularly  in  the  parts  acyoining  the  concoorse  of 


Digitized 


by  Google 


AND   MACHINIST.  O06 

ftn  angle :  circular  grooving  must  be  paid  still  more.  Water 
trunks  are  measured  by  the  foot  run ;  the  rate  depending 
upon  the  side  of  their  square :  the  hopper-beads  and  shoes 
are  valued  at  so  much  each^  as  also  are  the  moulded  weather 
capS)  and  the  joints.  Scaffolding,  &c.  used  in  fixing,  is 
charged  extra. 

Flooring-boards  are  prepared,  that  is,  planed,  gauged,  and 
rebated  to  a  thickness  at  so  much  each,  the  price  depending 
upon  the  length  of  each  board ;  if  more  than  nine  inches 
broad,  the  rate  is  increased  according  to  the  additional 
width ;  each  board  listing  at  so  much  per  list. 
.  The  following  is  a  classification  of  sucn  articles  in  joinery 
as  are  usually  rated  at  so  much  each. 

Trusses. 

Oantalivers. 

Ruie-joints. 

Cut  brackets  for  shelves. 


Housings  in  general. 

Uousings  to  stepA. 

Cuttings  to  standards. 

Elbow  cappings. 

Returned  moulded  nosings  to  steps. 

Caps  to  hand-r^ls. 

Scroll  of  hand-rails. 

Making  and  fixing  joists  of  hand- 
rails with  joint-screws. 

Fixing  iron  columns  in  curtails. 

Fixing  iron  baluster,  and  prepar- 
ing mould. 


Brackets  to  stairs. 

Curtail  step. 

Clamjv^mitres. 

Mitres  of  pilasters  according  to 
their  size. 

Mitres  of  cornices. 

Headings  to  flutes  and  reeds. 

Hopper-heads  and  shoes  to  water- 
trunks. 

Joints  to  water-trunks. 

Preparing  flooring-boards  and  bat- 
tens. 

Fixing  locks  and  fastenings,  per 
article. 

Hole  in  seat  of  water-closet. 

Patteras. 


Preparing  and  fixing  deal  balusters. 

Articles  at  per  foot  runnings  or  lineal. 


Sinking  to  shelres. 

Mould^  raisings  of  panels. 

All  raised  panels  in  the  extremity 
of  the  raising  to  be  charged  ex- 
tra. 

Capping  to  wainscot. 

Ijevel  circular  string-boards  to 
stairs. 

Hand-rails. 

Newels  to  stairs. 

Moulded  planiers  in  stairs. 

Sinking  in  rul  for  iron  rail  or  b«- 
losters. 

Water-trunks  and  spouts. 

Skirting  and  door-grounds. 

Beads  or  fillets.     • 


Fillets  mitred  on  panels, 

Square  or  beaded  angle -staff,  re- 
bated. 

Mouldings. 

Single  cornice. 

Single  faced  architrave. 

Pilasters  under  four  inches  wide. 

Boxings  to  windows. 

Ornamental  grooving. 

Narrow  linings. 

Legs,  rails,  and  runners  of  dret* 
sers. 

Border  to  hearth. 


Base-moulding. 
Surbase-moulding. 
Narrow  skirting. 

Articles  at  per  foot  superficial. 

Deals  planed,  ploughed,  tonrued.      Skirting. 

I»eaded,  glued,  and  clamped.  Sash-frames  and  sashes. 


Digitized 


by  Google 


606  THS  OI>BftATIVB    MECHANIC 

Sky%ht«.  Stepi  and  line*  to  tiairt,  nelsdia^ 

Bark,  elbow,  softtt.  carriaget. 

Shutters.  CnuJlinjr. 

Framed  or  plain  back-linings.  Dunble-faced  architraves. 

Door-linings,  jambs.  Mtmldings   wrouglit  bjr  hand,  if 

Wainscotting.  large. 

Dado.  Shafts  of  colamnt. 

Partitions. 


PLASTERING. 

The  Plasterer  is  ^  workman  to  whom  the  decorative  put 
of  architecture  owes  a  considerable  portion  of  its  efiect,  and 
whose  art  is  requisite  in  every  kind  of  building. 

The  tools  of  the  plasterer  consist  of  a  spads  or  shovel  d 
the  usual  description  j  a  rake,  with  two  or  three  prongs^ 
bent  downwards  from  the  line  of  the  handle,  for  mixing  Uie 
bair  and  mortar  together ;  trowels  of  various  kinds  and 
sizes;  stopping  and  picking- out  tools;  rules  called  j^a^A/- 
edges;  and  wood  models. 

The  trowels  used  by  plasterers  are  more  neatly  made  thm 
tools  of  the  same  name  used  by  other  artificers.  The  %- 
mg  and  smoothing  tool  consists  of  a  flat  piece  of  hardened 
iron,  about  ten  inches  in  length,  and  two  inches  and  a  liAlf 
wide,  very  thin,  and  ground  to  a  semicircular  shape  at  one 
end,  but  left  square  at  the  other;  and  at  the  back  of  the  plate, 
near  the  square  end,  is  rivetted  a  small  iron  rod  with  trro 
legs,  one  of  which  is  fixed  to  the  plate,  and  the  other  to  i 
round  wooden  handle.  With  this  tool  all  the  first  coats  of 
plaster  is  laid  on,  as  are  also  the  last,  or,  as  it  is  technically 
termed,  the  setting.  The  other  kinds  of  trowels  are  made 
of  three  or  four  sizes,  for  gauging  the  fine  stuff  and  plasty, 
used  in  forming  cornices,  mouldings,  &c.  The  longest  sin 
of  these  is  about  seven  inches  on  the  plate,  which  is  of  po- 
lished steel,  about  two  inches  and  three  quarters  broad  at 
the  heel,  diverging  gradually  to  a  point.  To  the  heel  or 
broad  end  a  handle  is  adapted* 

The  stopping  and  picking-out  tools  are  made  of  polidied 
fiteel,  of  different  sizes,  though  most  ^nerally  about  seven 
or  eight  inches  in  length,  and  half  an  inch  in  breadth,  flat* 
tened  at  both  ends,  and  ground  somewhat  round.  Hiete 
tools  are  uied  in  modelling  and  finishing  mitres  and  re- 
turns to  cornices ;  as  likewise  in  filling-up  and  perfecciqg 
the  ornaments  at  the  joinings. 

The  strcught-ed^es  are  tor  keeping  the  work  in  an  even, 
or  perpendicular  Ime^  and  the  models  or  moulds  are  for  nin- 
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olng  plain  monldtngs,  cornices^  &c.;  of  these  latter  the 
plasterer  requires  a  great  number  as  very  little  of  his  finish-* 
iDg  can  b^  aone  without  them. 

Experienced  workmen  keep  their  tools  veiy  clean^  and 
have  them  daily  polished  by  the  hawk-boys. 

Plasterers  have  technical  divisions  of  their  work,  bj/  which 
its  quality  is  designated,  and  value  ascert^ned ;  as,  lathing  f 
laying ;  pricking-up ;  lathing,  laying,  and  set ;  lathing,  float- 
ing, and  set ;  sereed,  set  or  putty ;  rendering  and  set,  or 
rendering,  floated,  and  set  j  trowelled  stucco,  &c, ;  each  of 
which,  hei-eafter,  we  shall  very  minutely  explain. 

In  all  the  operations  of  plastering,  lime  extensively 
abounds ;  we  shall,  therefore,  first  offer  some  observations 
on  the  properties  of  this  important  article. 

All  who  have  written  on  the  subject  of  lime,  as  a  cement, 
have  endeavoured  to  ascertain  what  is  the  due  proportion 
of  sand  for  making  the  most  perfect  cement ;  but  with  a 
little  attention  it  is  evident,  that  all  prescribed  rules  must 
be  so  very  vague  and  uncertain,  a3  to  be  of  little  utility  to 
the  workman,  for,  besides  the  variation  which  is  occasioned 
by  a  more  or  less  degree  of  calcination,  it  is  a  certain  fact, 
that  some  kinds  of  lime-stone  are  much  more  pui'e,  and 
contain  a  mueh  smaller  proportion  of  sand  than  others  i 
consequently,  it  would  be  absurd  to  say,  that  pure  lime 
requires  as  small  a  proportion  of  sand,  when  made  into 
mortar,  as  that  which  originally  contained  in  itself  a  large 
proportion. 

The  variation  thus  produced,  in  regard  to  the  proportion 
of  sand,  is  found  to  be  extremely  great.  It  is,  however, 
stated,  that  the  best  mortar  which  has  oome  under  exa« 
inination,  was  formed  of  eleven  parts  of  sand  to  one  of 
lime :  to  vAilch  was  added,  by  measure,  between  twice  and 
thrice  its  own  bulk  of  sand,  which  may  be  allowed  to  have 
been  at  least  three  times  its  quantity  by  weight.  Supposing, 
therefore,  that  every  particle  of  the  lime  bad  been  so  per- 
fectly qalcined  as  to  be  in  a  caustic  state,  thore  could  not  be 
less  than  forty-seven  parts  of  sand  to  one  of  lin>e ;  but  it 
is  hard  to  suppose,  that  above  one  hundredth  part  of  this 
mass,  independent  of  the  water,  consisted  of  pure  caustio 
calcareous  earth. 

Prom  these  considerations  it  is  conceived,  that  it  is  im- 
possible to  prescribe  any  determinate  iwroportion  of  sand  to 
time,  as  that  must  vary  according  to  the  nature  of  the  lime, 
and  other  incidental  circumstmices,  which  would  fonn  an 
infinity  of  exceptions  to  any  general  rule.    But  it  would 
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seem,  that  it  might  be  aafely  inferred,  that  the  modena  m 
general  rather  err  iu  givUig  too  Uttlfs,  than  in  giving  too 
much  sand.  It  deserves,  however,  to  be  noti<^  that  the 
aandy  when  naturally  in  the  lime-stone,  is  more  intimately 
blended  with  the  lime,  than  can  possibly  be  ever  effected  bjf 
any  mechanical  operation  ;  so  that  it  wonld  be  in  vain  to 
hope  to  make  equally  good  mortar  artificially  from  poR 
lime,  with  so  small  a  proportion  of  caustic  calcareous  auo* 
ter,  as  may  sometimes  be  effected  when  the  lime  natural^ 
lontains  a  very  large  proportion  of  sand.  Still,  however 
there  seems  to  be  no  doubt,  that  if  a  much  larger  propor- 
tion of  sand  than  is  common  were  employed,  ami  that  oMse 
*  carefully  and  expeditiously  blended  and  worked,  the  mom 
would  be  made  much  more  perfect,  as  baa  been  preyed  b; 
actual  experiments. 

Another  circumstance,  which  greatly  tends  to  vaiy  tbc 
quality  of  cement,  and  to  make  a  greater  or  smaller  pro- 
portion of  sand  necessary,  is,  the  mode  of  preparing  tk 
lime  before  it  is  beaten  up  into  mortar.  When  for  pkstei^ 
it  is  of  great  importance  to  have  every  particle  of  the  lime- 
stone slaked  before  worked-up,  for,  as  smoothness  of  im- 
face  is  the  most  material  point,  if  any  particles  of  lime  be 
beaten-up  before  sufficiently  slaked,  the  water  still  coutioii- 
ing  to  act  on  them,  will  cause  them  to  expand,  which  wiS 
produce  those  excrescences  on  the  surface  of  the  plaster, 
termed  blisters.  Consequently,  in  order  to  obtain  a  fcded 
kind  of  plaster,  it  is  absolutely  necessary  that  the  liioe, 
before  being  worked,  be  allowed  to  renuun  a  cbnsidenUe 
time  macerating  or  ^otfrtft^in  water :  the  same  sort  of  pro- 
cess, though  not  absolutdy  required,  would  considerahlj 
improve  the  lime  intended  for  mortar.  Great  care  is  le* 
quired  in  the  management ;  the  principal  thing  beiog  tbe 
procuring  of  well^bomt  lime,  and  allowing  no  more  uiDe, 
before  worked^  than  is  just  sufficient  to  macerate  or  ^oar  it 
with  the  water :  the  best  burnt  lime  will  require  the  mi- 
ceratiou  of  some  days. 

It  has  been  almost  universally  admitted,  that  the  hardot 
lime -stone  affords  the  lime  which  will  consolidate  into  the 
firmest  cement ;  hence,  it  is  generally  concluded,  that  Ite 
made  of  chalk  produces  a  much  weaker  cement  than  tM 
made  of  marble,  or  lime-«tone«  It  would  seem,  howefeii 
that,  if  ever  this  be  the  case,  it  is  only  incidentally,  and  HfDt 
necessarily.  In  the  making  of  mortar,  other  substanoeim 
occasionally  mixed  with  lime,  which  we  shall  here  piooattl 
to  notice,  and  endeavour  to  point  out  their  exoependes  atfi 
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defects.  Those  conunbnly  used/  bcMdes  sand  of  various 
cfeaomioations,  ^re  powdered  sand-stone,  bnck-dast,  and 
sca-sbells :  and  for  foroiinfi^  plaster,  inhere  closeness  rather 
thao  hardness  is  required,  lime  which,  has  been  slaked  and 
kept  in  a  dry  place  till ,  it  has  become  nearly  eiete,  and 
powdered  chalkj  or  whiting,  and  ^  gypsum,  in  various  pro- 
portions, beaides  hair  and  other  materuds.  of  a  similar  nature. 
Other  uigredienta  have' been  more  lately  recommended^  such 
as  earthy  balls,  slightlv  burnt  and  pounded,  old  mortar 
rubbish,  powdered  and  sijfted,  and  various  things  of  the 
like  kind,  the  whole  of  which  are,  in  some  respect  or  other, 
objectionable. 

Phster  of  Paris  is  employed  by  the  plasterer  to  give  the 
requisite  form  and  6nish  to  aU  the  superior  parts  of  hu  work. 
It  is  made  of  a  fossile  stone,  called  gvpsum,  which  is  ex- 
cavated in  several  parts  of  the  neighoouriiood  of  Paris, 
whence  it  derives  its  name,  and  b  calcined  to  apowder,  to 
deprive  it  of  its  water  of  crystallization.  The  best  i» 
Montmartre. 

llie  stones  are  burnt  in  kilns,  which  are  generally  of  very 
(imple  construction,  being  not  unfre^uently  built  of  the 
;yp6um  itself.  The  pieces  to  be  calcmed  are  loosely  put 
ogether  in  a  pardlelopiped  heap,  below  which  are  vaulted 
>ipei  or  flues,  for  the  application  of  a  moderate  heat. 

The  calcination  must  not  be  carried  to  excess ;  as  other- 
E^ise  the  plaster  will  not  form  a  solid  mass  when  mixed  with 
certain  portion  of  water.    During  the  process  of  calcina- 
iom,  the  water  of  crystallization  rises  as  white .  vapour, 
^bicb,  if  the  atmosphere  be  dry.  is  auickly  dissolved  in  air.  • 
The  pounding  of  the  calcined  fragments  is  performed 
>a)etin:ies  in  mills  constructed  for  the  purpose,  and  some-; 
tnes  by  men,  whose  health  is  much  impaired  by  the  par- 
oles of  dust  settling  upon  their  lungs. 
On  the  river  Wolga,  m  Russia,  where  the  burning  of  g]rp- 
im  constitutes  one  of  the  chief  occupations  of  the  pea- 
intry,  all  kinds  of  gypsum  are  burnt  promiscuously  on 
ntes  made  of  wood ;  afterwards  the  plaster  is  reduced  to 
ywder,  passed  through  a  sieve,  and  finally  formed  into 
lall  round  cakes,  which  are  sold  at  so  mudi  per  thousand. 
These  balls  are  reduced  into  an  impalpable  powder  by 
e  plasterer,  and  Aen  mixed  with  mortar.    The  less  the 
psum  is  mixed  with  other  substances,  the  better  it  is 
lalified  for  the  purpose  of  making  casts,  stucco,  &c.    The : 
any  npsum,  or  (elenite,  which  is  the  purer  kind,  is  em- 
lyed  Mr  taking  impressions  from  amis  and  medalSj.amL 
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for  maUn^  tlH)86  lieaatiffal  imHiatiOBS  of  tnaiUe,  rrudtty 
and  porphyry^  kuowa  by  Ae  name  of  scagUcioj  iroich  is 
derived  from  tke  Italian  word^  Mcagti. 

Fmdy  powderad  alabaster^  or  plaster  of  Parisy  whea 
lieated  in  a  ^rndble^  assamea  ttie  appearance  of  a  fluid,  br 
rolling  in  watcu^  yieUiw  to  the  toudi^  steaming,  &c.  aU  of 
.which  properties  it  again  loses  on  the  depaitope  of  tk 
heat ;  if  taken  from  the  croeiUe  and  thvoim  iipen  paper,  it 
mrill  not  wet  it ;  but  inunodiatdy  be  as  motionless  as  it  nv 
before  exposed  to  the  heat. 

,  Two  or  thi^ee  spoonfais  of  bnvnt  alabaster  mixed  up  Ob 
with  water,  will,  at  the  bottom  of  a  vessel  filled  with  wskr, 
cdagidate  into  a  bard  hunp,  MinrHhstaiiding  the  wner 
that  sorrounds  it;^  The  coagulating  or  sett&g^  propei^ 
of  burnt  alabaster  will  be  very  much  impaired,  or  Io6t» 
if  the  powder  be  kept  for  any  considerable  time,  uA 
more  especially  in  the  open  aic  When  it  has  been  once 
tempered  with  water,  and  goffered  to  grow  hard,  it  canast 
be  rendered  of  any  further  use. 

Haster  of  Paris,  diluted  mth  water  into  the  conaist^Me  of 
a  soft  or  thin  paste,  quickly  sets,  or  grows  firm,  and  at  the 
instant  of  its  setting,  has  its  bu«k  increased.  This  expansile 
property,  in  passing  from  a  soft  to  a  firm  state,  is  one  <tf  Hi 
valuable  properties ;  rendering  it  an  excellent  matter  ftr 
filling  cavities  in  sundry  works,  where  other  earthy  mix- 
tares  would  shrink  and  leave  vacuities,  or  entirely  separate 
from  the  a(^oining  parts.  It  is  also  probable  that  tUs  ea- 
pansion  of  the  plaster  might  be  mage  to  contribute  to  the 
elegance  of  the  impressions  it  receives  from  medals,  &c.  hr 
propeily  confining  it  when  soft,  so  that,  at  its  expansion,  k 
would  be  forced  into  the  minutest  traces  of  the  figmes. 

A  plaster  of  a  coarser  description,  made  of  a  Uneidi 
stone,  much  like  that  of  which  Dutch  terras  are  made, 
is  sometimes  used  in  this  country,  for  floors  in  gentlemen's 
houses,  and  for  corn-granaries.  This  stone,  vrfaen  bunt 
after  the  manner  of  firoe,  assumes  a  white  ^>pearance,  bit 
does  not  ferment  on  being  mixed  with  water :  wheii'eold,  it 
is  reduced  to  a  fine  powder.  About  a  bushel  of  tha  powder 
is  put  into  a  tub,  and  water  is  appUed  till  it  becomes  \hopiA. 
In  this  state  it  iis  wdl  stirred  with  a  stick,  and  used  in* 
mediately ;  for  in  less  than  a  quarter  of  an  hour  it  becomes 
hard  and  useless,  as  it  will  Hot  allow  of  being  mixed  a 
second  time. 

>  Other  cements  are  Used  by  plasterers  for  inside  woric. 
The  first  is  oaUed  lime  and  hair^  or  coarse  sif(ff^p  and  is  pw- 


Digitized 


by  Google 


AKD  MACMH^ifir.  '  <nl 

t»red  at  conrmoii  moMur^  wtth  the  itttdlttob  of  bidr  fifom 
the  tan**yard8«    The  tnortttr  id  first  mixed  tfith  a  req|iii8ite 

rintitv  of  sand^  and  the  lialr  to  afterwbnter  worked  in  by 
application  of  a  rake. 

Next  to  fhift  i»  Jkit  ituff",  Which  is  merely  pure  lime, 
alaked  first  with  a  small  quantity  of  Water,  and  afterwards, 
withoat  any  extraneons  additk>n,  snpersatiirated  with  water, 
and  put  into  a  tub  in  a  half  fluid  state,  Whef^  it  is  allowed  to 
remain  till  the  water  to  et^poHit^.  In  some  n^ctilar  cases, 
a  small  portion  of  hair  is  incorporated.  Wticn  this  fine 
stuff  to  used  for  inskle  walls,  it  to  mixed  with  very  fine 
washed  satid>  in  the  proportion  of  one  pait  iand  to  three 
parts  of  fine  stuff,  and  to  then  called  trowelied  or  bastard 
stueed,  with  which  all  walto  intended  to  be  piunted  are 
fiiitoh^. 

The  cemtat  call^  jf^^^K^^  ^^/Ff  consists  of  thre^fifthsl  of 
fine  stufl^,  and  one--fifth  plaster  of  Paris,  mixed  together  with 
water,  in  small  quantities  at  k  time,  to  render  it  more  ready 
to  act.  This  composition  to  mostly  used  in  forming  cor- 
nices and  mouldings  run  with  a  wooden  mould.  \\^en 
great  ^fxpedition  is  required,  plasterers  gauge  all  their  mor- 
tars wfth  plaster  of  Piuis,  which  sets  immediately. 

The  teeimical  divisions  of  plasterer^s  work  shall  now  ctoim 
Mr4itcetitk)h. 

Lathings  the  first  operation,  consists  in  nailing  laths  on  the 
cettklg,  or  partition.  If  the  laths  be  of  oak,  they  will  require 
wroaght  iron  nails  |  but  if  of  deal,  nails  mad6  of  cast  iron 
may  be  used.  Those  mostly  used  in  London  are  of  fir,  im- 
ported from  America  and  the  Baltic,  in  pieces  called  staves. 
Laths  are  made  in  three  foot  and  four  foot  lengths :  and 
with  respect  to  their  thi^k-ness  and  strength,  are  either  sin- 
^,  kth  and  half,  or  double.  The  single  are  the  thinnest 
and  cheapest ;  those  called  lath  and  hal^hre  supposed  to  be 
(me  thtra  thicket  than  the  single ;  and  the  double  laths  are 
t\nce  that  thickness.  In  lathing  ceilings,  the  plasterer 
ikotftd  a^  both  the  lengths  alluded  to,  and  in  naibng  them 
ip,  should  so  dispose  them,  that  the  joints  be  as  much 
Vioken  as  possible,  that  they  teay  have  the  stronger  key  or 
hj  and  thereby  strengthen  th^  mastering  with  which  they 
lae  to  be  covered.  The  thinnest  laths  are  used  in  partitions, 
M  the  strongest  fbf  ceilings. 

•  LaiChs  are  lusO  distinguished  hito  heart  and  sap  laths :  the 
brmcr  should  always  be  used  in  plain  tiling ;  the  latter, 
ihicb  are  of  inferior  quality,  are  most  firequently  used  by 
iaplatierer. 
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Laths  should  be  as  evenly  split  as  possible.  Those  flat 
are  very  crooked  should  not  be  used^  or  the  crooked  put 
should  be  cut  out ;  and  such  as  have  a  short  coocaTitjroL 
the  one  side,  and  a  convexity  on  the  other,  not  very  pro* 
minenty  should  be  placed  with  the  concave  sides  outwards. 

The  following  is  the  method  of  rendibgor  splitting  htk 
The  lath-cleavers  having  cut  their  timber  into  the  requntd 
lengths,  cleave  each  piece  with  wedges,  into  e^ht,  twehe. 
or  sixteen  pieces,  according  to  the  scantliug  of  the  timber, 
called  bolts;  and  then,  with  dowl-axes,  in  the  directiofitf 
the  felt-grain,  termed  felting,  into  sizes  for  the  breadlkc 
the  laths  ;  and,  lastly,  with  &  chit,  clear  them  into  tUci- 
nesses  by  the  quarter  grain. 

Havinff  nailed  the  laths  in  thdr  appropriate  order,  tk 
plasterer  s  next  business  is  to  cover  them  with  plttlef) 
the  most  simple  and  common  operation  of  which,  b  i^ 
ing  ;  that  is,  spreading  a  single  coat  of  lime  and  hairoitr 
the  \yhole  ceiling,  or  partition )  carefully  pbserving  to  kcq> 
it  smooth  and  even  in  every  direction.  This  is  the  cheapen 
^ind  of  plasteriog. 

Pricking  up  b  performed  in  the  same  manner  as  the  fol^ 
going ;  but  is  only  a  preliminary  to  a  more  perfect  tioi 
of  work.  After  the  plaster  is  laid  on,  it  is  crossed  all  om 
with  the  end  of  a  lath,  to  give  it  a  tie  or  key  to  tbeooit 
which  is  afterwards  to  be  laid  upon  it. 

Lot  king  J  laying,  and  set  ^  or  what  is  termed  lath  atidfbf 
terj  one  coat  and  set,  is,  when  the  woric,  after  being  litkd* 
is  covered  with  one  coat  of  lime  and  hur,  and  afterwar^ 
when  sufficiently  dry,  a  thin  and  smooth  coat  spread  ofer  k? 
consisting  of  lime  only,  or,  as  the  workmen  odl  it,  pUtf. 
or  set.  This  coat  is  spread  with  a  smoothing-trowd,  ok^ 
by  the  workman  with  his  right  hand,  while  his  left  hao^ 
moves  a  large  flat  brush  of  hog's  bristles,  dipped  in  wilff, 
backwards  and  forwards  over  it^  and  thus  prcNduees  a  flv* 
face  tolerably  even  for  cheap  work. 

Lathing,  Jioatin^y  and  set,  or  lath  and  piaster,  one  ct^i 
fioated  and  set,  diflers  from  the  foregoing,  m  having  the  fint 
coat  pricked  up  to  receive  the  set,  which  is  here  called  tk 
floating.  In  doing  this,  the  plasterer  is  provided  wfth  ^ 
substantial  straight  edge,  frequeiiitly  from  ten  to  twelve  H 
in  length,  which  must  be  used  by  two  workmen.  AH  tk 
part3  to  be  floated  are  tried  by  a  nlumb-Une,  to  asoeHtf 
whether  they  be  perfectly  flat  and  level,  and  whenever  »JF 
deficiency  appears,  the  hollow  is  filled  up  with  a  trowel  ftt 
or  more  of'  lime  and  hair  only,  which  is  termcdJiUing  stUt 
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aiid  when  these  preliminaries,  are  settled,  the  screeds  are  next 
formed,  l^eietmscreed  signifies  astyle  of  lime  and  hair,about 
seven  or  eight  inches  in  width,  gauged  quite  true,  by  draw-' 
ing  the.straight  edge  over  it  until  it  be  so.  These  screeds 
are  made  at  the  distance  of  about  three  or  four  feet  from 
each  other,  in  a  vertical  direction,  all  round  the  partitions 
and  walls  of  a  room.  When  all  are  formed,  the  intervals 
are  filled  up  with  lime  and  hair,  called  by  the  workmen, 
stufil  till  flush  with  the  face  of  the  screeds.  The  straight 
edge  is  then  worked  horizontalljr  on  the  screeds,  by  which 
all  the  superfluous  stuff,  projecting  beyond  them  in  the  in- 
tervals is  removed,  and  a  plain  surface  produced.  This 
operation  is  termed^oo/tn^,  and  may  be  applied  to  ceilings 
as  well  as  to  partitions,  or  upright  walls,  by  first  forming 
the  screeds  in  the  direction  of  the  breadth  of  the  apartment, 
and  fillii^  up  the  intervals  as  above  described.  As  great 
care  is  requisite  to  render  the  plaster  sound  and  even,  none 
but  skilful  workmen  should  be  employed.  . 

The  set  to  floated-work  is  performed  in  a  mode  similar  to 
that  already  prescribed  for  laying ;  but  being  employed 
only  for  best  rooms,  is  done  with  more  care.  About  one- 
sixth  of  plaster.of  Paris  is  added  to  it,  to  make  it  set  more 
expeditiously,  to  give  it  a  closer  and  more  compact  ap- 
pearance, and  to  render  it  more  firm  and  better  calculated 
to  repeive  the  white-wash  or  colour  when  dry.  For  floated 
stucco-work  the  pricking  up  coat  cannot  be  too  dry ;  but,  if 
the  floating  which  is  to  receive  the  setting  coat  be  too  dry, 
before  the  set  is  laid  on,  there  will  be  danger  of  its  peeling 
oS,  or  of  assuming  the  appearance  of  little  cracks,  or  shells, 
which  would  disfigure  the  work.  Particular  care  and  at- 
tention therefore  must  be  paid  to  have  the  under  coats  in  a 
proper  state  of  dryness.  It  may  here  be  observed,  that 
cracks,  and  other  unple&sant  appearances  in  ceilings,  are 
more  frequently  the  effect  of  weak  laths  being  covered  with 
too  much  plaster,  or  too  little  plaster  upon  strong  laths, 
rather  than  of  any  sagging  or  other  Inadequacy  in  the  tim- 
bers, or  the  building.  If  the  laths  be  properly  attended  to, 
and  the  plaster  laid  on  by  a  careful  and  judicious  workman, 
no  cracks  or  other  blemishes  are  likely  to  appear. 

THie  next  operation  combines' both  the  foregoing  pro- 
chesses,  but  requires  no  lathing ;  it  is  called  rendering  and  set, 
or  rendering  J  floated^  and  set.  What  is  understood  by 
renderings  is  the  covmngof  a  brick  or  stone  wall  with  a 
coat  of  Ume  and  hair,  and  by  set  is  denoted  a  superficial 
coat  of  fine  stuff  or  putty  upon  the  rendering.    These  ope^ 
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rations  ara  similar  to  those  described  for  setting  of  ceSiavt 
and  partitions ;  ai^d  the  JloeUed  mtif  set  is  laid  <»  the  rea« 
dering;  in  the  same  pfianner  as  on  the  partitioBs,  &c.  alrea^ 
explained^  for  the  best  kind  of  work. 

Trowdkd  sfucco,  which  is  a  very  neat  kind  q{  work,  nsea 
in  dining-rooms,  halls,  &c.  whqre  t;he  walls  are  prepared  to 
be  painted,  must  be  worked  uppn  f^  floated  groimd^  and  the 
floating  hf  quite  dry  before  uie  stucco  is  applied.  In  iim 
process  the  plasterer  is  provided  with  a  wooden  tool,  called 
a  floaty  consisting  of  a  i)ieoe  of  half  inch  deal,  about  oiic 
inches  long  and  three  wide,  planed  smooth,  with  its  lows 
edges  a  litUe  rounded  ofi",  and  having  a  handle  on  the  upper 
surface.  The  stucco  is  prepared  as  above  desqiibed,  and 
afterwards  well  beaten  and  tampered  with  plear  wat^. 
The  ground  intended  to  be  stu^c^ocd  is  first  prepared  wi& 
the  large  trowel,  and  is  made  a^  smooth  and  level  as  po^ 
^ible;  when  the  stuccp  has  been  spread  upon  it  to  th^  extou 
of  four  or  five  feet  sauare,  the  workmsn,  with  a  float  in  M^ 
iright  hand  and  a  bruali  in  his  l^ft,  sprinkles  witb  water^  aiid 
rubs  alternately  the  face  of  the  stucco^  till  the  whole  is  rc^ 
duced  to  a  fine  even  surface^  He  then  prepares  anoiher 
sq^uare  of  the  groupd,  and  proceeds  as  before,  till  tbo  whole 
is  completed.  The  water  has  the  effect  of  hardeniog  tbc 
iJEice  of  the  stucco*  When  the  floating  is  well  perfarmcd,  it 
vrill  feel  as  smoot^h  as  glass, 

JRoMgh  cqsiingy  or  rough  wMingy  is  an  exterior  finiiihio^ 
much  cheaper  t^an  stucco,  and,  therefore,  more  fireqnendy 
employed  on  cottages,  favm-bouses,  &c.  than  on  boildii^ 
of  a  higher  class^  The  wall  intended  to  bo  rough-cast,  a 
first  pricked-up  with  a  coat  of  lime  and  hair  |  and  wbea 
this  is  tolerably  diy,  a  second  coat  is  laid  on,  of  tbe  same 
materials  as  th^  firsti  as  smopth  as  it  can  pqs^ibly  be  sorcidi 
As  fast  as  the  workman  finishes  this  surface  he  is  followed 
by  another  with  a  pail-full  of  rouffh-cast,  mtb  wbicfa  hs 
bespatters  the  new  plastering,  and  (n^e  whole  dries  togedicr 
The  rough-cast  is  composed  of  fin^  gravel,  washed  from  aU 
earthy  particles,  and  mixed  with  pure  Ume  and  water  tiH 
the  whol^  is  of  a  semi-fluid  cox;isislency.  This  is  throvn 
fVom  the  pail  upon  the  wall  with  a  wooden  float,  aboat  five 
or  six  inches  loiig.  and  a^  mai^y  wid^,  made  oif  half-iath 
deal,  and  fitted  with  a  rpuncl  deal  handle.  While,  vritb  thn 
tool,  the  plasterer  throws  on  tbe  x:ougb*cast  with  bis  r^ 
hand,  he  holds  in  hb  left  a  common  whitewasbers'  bnuh. 
dipped  in  the  ropgh-caat  also,  with  which  be  brashes  ami 
colours  the  mortar  and  the  f^Pgh-cast  ha  has  already  apraai^ 
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CpnMce^,  mre  either  fJauiar  oniam^taled)  aod  aoteetimes 
embrece  m  pprlioii  of  hoA  deMet*  The  txHt  point  to  be 
eUefided  to  is  to  cftaoBODe  the  dbtwings^  sod  mesBiire  the 
prqjectioiii  of  tbe  piioci^iil  raeaibere,  wUcbi  if  prqectiog 
motie  tbao  tevea  or  eigliC  inehes,  mesl  be  brecketledi  Tbia 
etmm^  IB  fij(iiif  «p  pieeea  of  wood,  at  .the  diHaDoe  of  about 
ten  or  tw^ve  iuckeo  firem  each  otbef,  all  roood  tbe  plaoe 
proposed  for  tbe  coroiee,  aod  nailing  latbB  to  tbenv  cpTeriag. 
the  whole  with  a  coat  of  plaster.  Id  the  brackets,  the.atoff 
neeesaafy  to  form  tbe  eornides  must  be  aUdwed,  wbkb  iu 
general  is  about  one  inch  and  a  quarter.  A  beech  mould  is 
liext  aaade  by  tbe  oarpeotcr,  of  the  profile  of  the  ioteodcd 
cornice,  about  a  quarter  of  au  inch  iu  thidfiness^  with  the- 
quirks,  or  small  siukiuga^  of  brass  or  Mpper.  Alt  the  abarp 
edgen  are  carefully  removed  by  the  plasterer,  who  opens 
with  his  kflife  all  the  points  wImkA  he  finds  incompetent  to 
receive  the  plaster  freely« 

These  pcelimiiiaries  betug  adjusted,  two  workmen,  pro* 
Tided  with  a  tub  of  putty  and  a  quantity  of  plaster  of  Pkris, 
proceed  te  run  tbe  cornice.  Before  using  the  mould,  they 
pioge  a  screed  of  putty  aud  plaster  upon  the  wall  and  ceil- 
mgy  ooTering  so  much  of  each  as  will  correspond  with  the 
lop  and  bottom  of  tbe  intended  cornice.  On  this  screed 
99m  or  two  slight  deal  slrAight*edges,  adapted  to  as  many 
uoCehes  or  ebMes  made  in  tbe  mould  for  it  to  work  upon, 
are  nailed.  Tbe  putty  is  then  mixed  with  about  one-third 
af  platter  of  Piris,  and  brought  to  a  semi-fluid  state  by  the 
addkiou  of  cleai>  water.  One  of  the  workmen,  with  two  or 
three  trowels-full  of  this  composition  upon  his  iawk,  which 
he  holds  in  his  left  hand,  begins  to  plaster  over  the  surfoce 
intended  for  the  eolroioe,  with  his  trowel,  while  his  partner 
applies  the  mouM  to  ascertain  when  more  or  less  is  wanted. 
When  a  suflBcient  quantity  of  plaster  is  laid  on,  the  workmen 
holds  Iftis  mould  firmly  against  both  the  ceiling  and  the  wall,  and 
moves  it  backwards  and  forwards,  which  removes  the  super- 
fluous stuff,  and  leaves  an  exact  impression  of  the  mould 
u(ioo  the  plaster.  This  is  nbt  efiected  at  once)  for  while  he 
H'orks  tbe  mould  backwards  and  forwards,  the  other  work, 
loan  takes  notice  oC  4ny  deficiency  and  fills  them  up  by 
addiog  fresh  supoliea  of  plaster.  In  this  manner  a  cornice 
from  ten  to  twelve  feet  in  length  may  be  formed  iu  a  very  • 
short  tiase ;  indeed,  expedirioe  is  esaeuiially  requisite,  as  the 
iJas^r  of  Paris  ocoaamia  a  very  great  tendency  in  the  pnt^ 
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lo  set)  to'  pre^reot  wbiob,  it  is  neooMiy  to  siiiiaMe  tke  eoo- 
position  freqaently  with  water,  as  plasterars,  in  order  to 
secore  the  troth  abd  correctness  of  the  comicei  genenii; 
endeavoDr  to  fiobh  all  the  lengAs,  or  pieces,  between  nhr 
two  breaks  or  projections,  at  one  time.  In  corotoes  wUct 
have  very  large  proportions,  and  in  cases  where  any  of  tie 
orders  m  architecture  are  to  be  hitrodnced,  three  or  be 
monlds  are  reqnired,  and  are  similarly  applied,  Ull  sH  ck 
parts  are  formed.  Internal  and  external  mitres,  and  «imI 
returns,  or  breaks,  are  afterwards  modelled  and  filled  npij 
band. 

Cornices  to  be  enriched  with  ornaments,  have  certtio  ii- 
dentations,  or  sinkings,  left  in  the  moold  in  which  the  casb 
are  laid.  These  ornaments  were  formerly  made  by  baiKi; 
bolt  now  are  oast  in  plaster  of  Paris,  from  clay  modek 
Wbon  the  day  model  is  finished,  add  has,  byexpotoreto 
the  action  of  the  atmosphere,  acquired  some  d<^ree  of  fim- 
ness,  it  is  let  into  a  wooden  frame,  and  when  it  has  beei 
retouched  and  finished,  the  frame  is  filled  with  melted  wis, 
which,  when  cold,  is,  by  turning  the  frame  upside  dots, 
allowed  to  fall  oiF,  being  an  exact  cameo,  or  counterpart,  of 
the  model.  By  these  means,  the  roost  enriched  aod  csn- 
ously  Wrought  mouldings  may  be  cast  by  the  common  pltf- 
terer.  These  wax  models  are  contrived  to  cast  about  a  M 
in  length  of  the  ornament  at  once ;  such  lengths  being  foxxl 
easily  got  out  firom  the  cameo.  Tlie  casts  are  made  of  tke 
finest  and  purest  plaster  of  Paris,  saturated  with  water;  vi 
the  wax  mould  is  oiled  previously  to  its  being  put  in.  When 
the  casts,  or  intaglios,  are  first  taken  from  the  mooM,  ibcr 
are  not  very  firm  ;  but  being  suffered  to  dry  a  littk^  atkr 
in  the  open  air  or  an  oven,  they  acquire  sufficient  hardoea 
to  allow  of  being  scraped  and  cleaned. 

Basso-relievos  and  friezes  are  executed  in  a  similar  dis- 
ner,  only  the  wax  mould  is  so  made,  that  the  cast  cao  htn 
a  back-ground  at  least  half  an  inch  thick  of  plaster-evt  to 
the  ornament  or  figure,  in  order  to  strengthen  and  sectfc 
tbe  proportions,  at  the  same  time  that  it  promotes  the  ;^ 
ueral  efiect. 

The  process  for  capitals  to  columns  is  also  the  same,  o« 
cept  that  numerous  moulds  are  required  to  complete  thefo> 
In  the  Corinthian  capital  a  shaft  or  belt  is  first  made,  <» 
which  is  afterwards  fixed  the  foliage  and  volutes  ^  tbewbok 
of  which  require  distinct  cameos. 

In  running  cornices  which  are  to  be  enriched,  tbe  |>to' 
terer  takes  care  to  have  proper  prelections  in  the  rooauf* 
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nuHildy  fto  as  to  make  a  groove  id  the  cornice,  for  the  recep** 
tioD  of  the  cast  oroament,  which  is, laid  in  and  secured  by 
spreading  a  small  qnantity  of  liquid  plaster  of  Paris  on  its 
back.  Detached  ornaments,  intended  for  ceilings  or  other 
parts,  and  where  no  rutining  mould  has. been  employed,  are 
oast  in  pieces  corresponding  with  the  design,  and  fixed  upon 
the  ceiling,  &c.  with  white-lead,  or  with  the  composition 
kDo wn  by  the  name  ^f .  tren-cement 

The  manufacture  of  stucco  has,  for  a  long  time  past,  at- 
tracted the  attention  of  all  connected  with  this  branch  of 
building,  as  well  as  chemists  and  other  individuals ;  but  the 
only  benefit  resuUing  from  such  investigation  is,  a  more  ex- 
tensive knowledge  of  the  materials  used.    It  would  s^em, 
that  the  great  moisture  of  our  climiite  prevents  its  being 
broi%ht'to  any  high  degree  of  perfection ;  though,  among 
the  various  compositions  which  have  been  tried  and  pro* 
posed,  some,  comparatively  speaking,  are  excellent. 
.    Common  stucco,  used  for  external  work,  consists  of  clean 
washed  Thames  sand  and  ground  Dorking  lime,  which  are 
mixed  dry,  in  the  proportion  of  three  of  the  latter  to  one  of 
the  former:  when  well  incorporated  together,  these  should 
be  secured  from  the  air  in  casks  till  required  for  use.  Walls 
to  be  covered  with  this  composition,  must  first  be  prepared, 
by  raking  the  mortar  from  the  joints,  and  picking  the  bpcks 
or  stones,  till  the  whole  is  indented :  the  dust  and  other 
extraneous  matter  must  then  be  brushed  off,  and  the  wall 
well  saturated  with  clean  water.     The  stucco  is  supersatu- 
rated with  water,  till  it  has  the  appearance  and  consistence 
of  ordinary  white-wash,  in  which  state  it  is  rubbed  over  the 
wall  with  a  flat  brush  of  hogs'  bristles.    When  this  process, 
called  roughing  in^  has  been  performed,  and  the  work  has 
become  tolerably  dry  and  hard,  which  may  be  known  by  its 
being  more  white  and  transparent,  the  screeds  are  to  be 
formed  upon  the  wall  with  fresh  stucco  from  the  cask,  tern-* 
percd  with  water  to  a  proper  consistency,  and  spread  on  the 
upper-part  of  the  wall,  about  eight  or  nine  inches  wide ;  as 
also  against  the  two  ends,  beginning  at  the  top  and  proceeding 
downwards  to  the  bottom.     In  this  operation,  two  workmcu 
are  required )  one  to  supply  the  stucco,  the  other  to  apply 
the  plumb«rule  and  straight-edge.    When  these  are  truly 
formed,  other  screeds  must  be  made  in  a  vertical  direction, 
about  four  or  five  feet  apart,^  unless  apertures  in  the  wall 
prevent  it,  in  which  case,  they  must  be  formed  as  near  toge- 
ther as  possible.  '  When  the  scrceding  is  finished,  compo  is 
prepared  in  larger  quantities^  and  both  the  workmen  spread 
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it  witb  their  HY)W6b  over  the  wall  io  the  «paoekft  beMVMi 
each  pair  of  screeds.  When  this  operation  is  con(vlele>  tbi 
htraignt-edge  is  applied,  aod  dragged  from  the  (op  to  4^ 
bottom  of  each  pair^  to  remove  whatever  st^perfluoop  stooco 
may  project  above  the  screeds.     If  there  be  jmy  hpliov 

S laces,  fresh  stucco  is  applied,  imd  the  straigh(-«dge  is  igak 
rawo  over  the  spot,  \M  the  compo  is  brojDght  eveo  to  tJm 
&ceof  the  screeds,  and  tbe  whole  is  level  with  the  edge  of  tk 
rule.  Another  interval  is  then  filled  up,  and  ^tbe  vorkfia 
thus  proceed  till  the  whole  of  the. wall  is  covemd*  Tk 
wall  IS  finished  by  fioatiog,  that  is,  hardening  tbe  sni^ 
by  8prinkUo|  it  with  water,  and  rubbing  it  with  the  con- 
mon  wood'loaC,  which  U  performed  similarly  to  trowdEii 
stucco. 

This  description  of  compo  is  frequently  used  by  phi- 
terecs  for  cornices  and  mouldiog^  in  tbe  sadoMS  manner  m 
described  in  common  plastering ;  bat  if  the  workiii«n  fob 
i;^  necessary,  he  may  add  a  small  qoaiutity  of  plaster  of  Pan^ 
to  make  it  fix  the  better  while  running  or  working  tht 
mould.  Such  addition  is  not,  however^  calcoliited  to  gin 
strength  to  the  stucco,  and  is  only  made  UtfOf^b  the  i 
sity  of  having  a  quick  set. 

In  tbe  yearl7d6,  Mr*  Parker  obtained  a  patwtfor  a  < 
that  is  impervious  to  water,  and  which  may  be  sweoouMj 
employed  in  ice-houses,  cisterns,  tanks^  &!o«  Itt  bis  9ftor 
fication  Mr.  Parker  states,  that  ''  nodules  of  clay,  or  af|ii* 
laceous  ston^  generally  contain  water  in  their  centre,  lar- 
mounded  by.  calcareous  crystals^  liaviog  veins  of  cakaivoai 
matter.  They  are  formed  in  clay,  and  are  of  a  brovi 
colour  like  the  clay.'*  These  nodules  he  directs  abonldtato 
being  broken  into  small  pieces  and  burnt  in  a  kiln,  with  a  bat 
that  is  nearly  sufficient  to  vitrify  them,  be  reduced  Co  pov- 
der :  when  two  measures  of  water  added  to  five  of  ii» 

Gwder,  will  produce  tarras*    Lime  and  other  matters  m^ 
added  or  withheld  at  pleasure  ^  and  the  proportion  » 
water  may  be  varied. 

The  term  of  the  patent  being  now  expired,  oaany  other 
manufactories  of  this  cement  have  been  established,  which 

Eroduce  it  of  equal  goodness,  and  some  of  tbem  of  rather 
etter  colour,  which  is  of  im|X)rtance,  since  tbe  freioo- 
paintins;  or  white- wash,  laid  on  Mr.  Parker's  oompnsitiouy » 
soon  taken  off  by  the  rain,  and  leaves  the  walla  of  a  diog; 
apd  unpleasant  appearance. 

The  fresoo-painting,  or  staining,  is  laid  on  the  mXltc^ 
vcred  with  this  cement*  to  give  tbem  the  appeanacc  ai 
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laM  ImMiogft ;  and  U  perfor^ied  bjr  dikUinr  solpiiaric  acid, 
mlo/vitrioi^^mth  wat^r,  aod  adding  f}uicr*ochre9;i  &c.  of 
be  required  tint. 

When  stucco  U  washed  oyer  wifb,  this  mix^urei  the  affinity 
jdflting  in  the  ixw  of  the  ceipent  ce?seB}  ^d  the  acid  and 
dIoot  suspended  inland  u(^u  the  3tifc<^  ^re  fixed.  When 
lexterously  mimagecl^  the  aur^ce  assumes  the  appearapc^ 
»f  an  ashlar  bond  of  maaoury« 

Scaglicia  is  a  distinct  branch  of  plaatqcing,  discovered  oi; 
uvented^  and  omch  nsed  in  Italy,  and  (hence  introduce^ 
nto  France,  whfcre  i(t  obtained  its  namf :  the  late  Mr-  H« 
IoUfnd»  who  iptrodnced  it  into  ]E^ogland  engaged  artists 
roQi  Paris,  sonie  of  ivh'om,  fiudingti  demand  Cor  their  labour, 
emained  in  this  country,  and  instructed,  the  natives  iq 
he  art*  .  . 

Columns  and  pilastera  are.  executed  in  this,  branch  of 
)Usier]ng  in  the  following  manner:  A  wooden  cradle, 
.'omposed  of  thin  strips  of  deal,  or  other  wood,  is  made  to 
epresent  the  colimn  designed ;  but  about  two  inches  and  4 
lalf  less  in  diameter  than  the  shaft  is  intended  to  be  when 
iuisbed*  This  cradle  is  lathed, rwnd,  as  for  common  plas<* 
ering,  and  then  covered  with  a  pricking  up  coat  of  lime 
md  nair.  When  this  is  quite  dry,  the  artists  in  scagliol^ 
ommence  operationsi  by  imitations  of  the  most  rfxe  and 
ireciQus  marbles,  with  astonishing  anddelusife  effect;  in^ 
leed,  as  the  imitation  takea  as  high  a  polish,  and  feels 
5  cold  aod  bard  aa  the .  most  oqmpact  and  solid  marble, 
lothiog  short  of  actual  fracture  caq  possibly  discover  the 
oonterfeit.  ^ 

Id  preparing  thq  scagliola,  the  workman  sdeqts,,  breaks, 
0d  calcmes  the  pvrest  gypsum,  and  as  ^oon  as  the  largest 
ragments^  in  the  process  of  calcination,  lose  their  brilliancy, 
ritbdraws  the  fire*  and  passes  the  calcmed.  powder  through 
very  fine  sieve,  and  mixes  it,  as  required  for  use,  with  a 
olotioD  of  glue,  isinglass,  &c.  in  this  solution  the  colours 
eqoired  in  the  marble  to  be  imitated  are  diffused;  but 
rhen  the  work  is  to  be  of  various  colours,  each  colour  is 
repared  separately,  and  afterwards  mingled  and  combined, 
early  in  the  same  manner  as  a  painter  mixes  on  his  paletta 
lie  urimitive  colours  to  compose  his  di0erent  tints. 

When  the  powdered  ^psum  is  prepared,  it  is  laid  on  the, 
haft  of  the  miended  colnom^over  the  pricked- up  coat  of 
me  and  hair,  and  is  then  floated  with  moulds  of  wood^ 
lade  to  the  requisite  size ;  the  artist  uses  the  colours  ueccs* 
iry  for  tbe  imitation  during  the  floatii^,  by  which  mcanf 
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they  mingle  and  iocorporate  with  the  sarface.  To  obuin 
the  glossy  lostre,  so  mocb  admired  in  works  of  marble,  the 
workman  rubs  the  work  with  one  hand  with* a  pn mice-stone, 
while  with  the  other  he  cleans  it  with  a  wet  sponge :  he 
next  polishes  it  with  tripoli,  charcoal,  and  a  piece  oF  fine 
linen ;  afterwards  with  a  piece  of  fdt  dipped  in  a  mixtare 
of  oil  and  tripoli,  and  finally  completes  the  work  by  the  tp- 
pUcation  of  pare  oil.  Tliis  imitation  is,  certainly^  the  motf 
complete  that  can  be  conceived ;  and  when  the  bases  tad 
capitals  are  made  of  real  marble,  as  is  the  common  practiee, 
the  deception  is  beyond  discovery.  If  not  exposed  to  He 
weather,  it  is,  in  pomt  of  durability,  little  inferior  to  red 
marble,  retains  its  lustre  full  as  long,  and  is  not  ooe*eigiilk 
of  the  expense  of  the  cheapest  kind. 

There  b  another  species  of  plastering,  used  in  the  deco- 
rative parts  of  architectnre,  and  for  the  frames  of  picturoi 
looking-glasses,  &c.  which  is  a  perfectly  distinct  branch  of 
the  art.  This  composition,  which  is  very  strong,  and,  wbes 
quite  dry,  of  a  brownish  colour,  consists  of  the  proportiflB 
of  two  pounds  of  powdered  whiting,  one  pound  of  glue  is 
solution,  and  half  a  pound  of  linseed  oil,  mixed  toeether, 
and  heated  in  a  copper,  and  stirred  with  a  spatnla,  till  the 
whole  is  incorporated.  When  cool,  it  is  laid  upon  a  stose, 
covered  with  powdered  whiting,  and  beaten  till  it  assumes t 
tough  and  firm  consistence;  after  which  it  is  covered  witk 
wet  cloths,  to  keep  it  fresh,  till  required  for  use. 
<  The  ornaments  to  be  cast  in  this  dmiposition,  are  mo- 
delled in  clay,  as  in  common  plastering,  and  afterwards  i 
cameo,  or  ipould,  is.  carved  ii^  box-wood.  This  canriog 
requires  to  be  done  with  the  utmost  care,  otherwise  thf 
symmetry  of  the  ornament  which  is  to  be  cast  finom  it  w31 
be  spoiled.  The  composition,  when  required  for  use,  is  cot 
with  a  knife  into  pieces  of  the  requisite  size,  and  forced 
into  the  mould;  after  which  it  is  put  into  a  press,  worked 
by  an  iron  screw,,  and  still -farther  compressed.  When 
the  mould  is  taken  from  the  press,  the  composition,  whidi 
is  generally  cast  about  a  foot  in  length,  is  dislodged  from  the 
mould,  and  the  superfluous  parts  pared  off  with  a  knifie^  aod 
cast  into  the  copper  for  the  next  supply. 

The  ornaments  thus  formed,  are  glued  upon  wooden,  or 
other  grounds,  or  fixed  by  means  of  white  lead,  &c. ;  after 
which  they  are  painted  or  gilt,  according  to  the  purposes  fir 
which  they  are  intended.  This  composition  is  at  least  W 
per  cent,  cheaper  than  carving,  and,  in  most  cases,  equtllf 
calculated  to  answer  all  the  purposes  of  the  art. 
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tt  18  orach  to  be  wished,  that  the  art  of  plasteriBg  codM 
be  restored  to  its  aooiciit  perfecdon ;  for  the  Romans  pos« 
sessed  an  art  of  rendering  works  of  this  kind  much  more 
firm  and  duhtbie  than  can  be  accomplished  at  the  present 
time. 

The  specimens  of  ancient  Roman  plastering  still  visible, 
which  have  not  been  injured  by-foree,  are  foond  to  be  firm 
and  solid,  free  from  cracks  or  crevices,  and  as  smooth  and 
polished  od  the  sorfieu^e  as  when  first  applied.  The  sides 
aad  bottoms  of  the  Roman  aqnedacls  were  lined  with  this 
plastering,  and  eodared  many  ages^ 

At  Venice,  some  of  the  roofii  of  honses,  and  the  floors  of 
fooros,  are  covered  with  a  sort  of  plaster  of  later  date,  and 
yet  strong  enoagh  to  endnre  the  sun  and  weather  for  several 
ages,  without  either,  cracking  or  spoiling. 

The  method  of  making  tte  Venetian  composition  !s  not 
known  in  England  ;  butsueh  might  probably  be  made  by  heat- 
ing the  powder  of  gypsum  over  afire,  and  when  boilings  which 
it  will  do  without  the  aid  of  water,  or  other  fluid,  mixing  it  with 
resio,  or  pitch,  or  both  together,  with  common  sulphur,  and 
the  powder  of  sea^shells.  If  these  be  mixed  together,  water 
added  to  it,  and  the  composition  kept  on  thefiretillthe  instant 
of  its  being  used,  it  is  not  improbable  that  the  secret  may  be 
dboovered.  Oil  of  turpentine  and  wax,  which  are  the  com- 
mon ingredients  in  such  cements  as  are  accounted  firmest, 
may  also  be  tried  as  additions ;  as  also  may  strong  ale  wort, 
which  4s  by  some  direoted  to  be  used  instead  of  water,  to 
make  mortar  of  lime-stone  of  more  than  ordinary  strength. 
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SLATING. 

This  branch  of  building,  which  is  principally  employed  in 
the  covering  of  roofs,  is  not  unfrequently  combined  with 
that  of  plastering.  The  slates  chiefly  used  in  London  are 
broaght  from  the  quarries  at  Bangor,  in  Caernarvonshire, 
which  supply  all  parts  of  ttie  United  Kingdom.  Another 
kind  of  slate,  of  a  pale  blue-green  colour,  is  used,  and  most 
estaeiaed,  being  brought  from  Kendal,  in  Westmoreland, 
caUed  fFewtnioSreland  slates.  These  slates  are  not  large; 
but  of  good  substance,  and  well  calculated  to  give  a  neat 
appearance  to  a  roof.  The  Scottish  slate,  which  assimilates 
io  size  and  quality  to  a  slate  ftom  Wales,  called  ladies,  is  in- 
little  repute.    ..-•.•■• 
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Slttei» olasi Ibe  Wdsb  slated  id  ttefblloK^ 

Ft/lti«       Ft.  !tt. 
Doillilfli»       .a?enifomeb    1    1    b j    O   • 

l-adiet, ^^    IS    —OS 

Countesses/  1    8    —    0  10 

Duchesses,     : .20—    1    0 

WtfMrtgs,'  J^ ^*-^      S    a   —    «   tf 

QuatUt,         ■■"  i-'*^l  v*t     8    O   -^    9^  'O 

In^ptriiJU.       9    6    •r-    0    O    . 

Patent  iUte, 9    0    —   ^0. 

The  domiUaj  are  m^de  from  fr^gmeoiB  of  the  lu^st  IdM^ 
and  derive  their  name  from  their  dimioiitiYCl  tiae*  Xr«dto 
are  similarly  obtamed*  ComUe^u^  nn  a  giadalioii  aboie 
ladies;  and cbicAesses ttboTe CQUotessesw 

Slate,  like  most  other  siooy  substaoces,  is  sepmnaled  finsa 
its  bed  by  the  igpitioo  of  govfiawder.  The  blocks^  .tta 
obtaioed»  are^  by  the  appUcation  of  vimiges»  redoced  ioto 
layers,  called  *cantU$ig8^  from  fioar  to  nine  inches  in  thkk^ 
Qess^  and  of  any  required  length  and  breadth^  wfaich  sie 
afterwards  sawn  to  tke  reapeotive  siaee  by  mactaioepy^^  Tta 
bbie^  green,  and  porple,  or  darker  kinds  of  slater  ai^  ia 
general,  fuond  csfMkUe  of  betag*  split  imto  very  thai  lunlnfl^ 
er  sheets ;  bat  those  of  the  white  or  browiMsli  firce-aloM 
kind,  can  seldom  be  separated  or  divided  so  fine;  toose- 
quently,  these  last  form  heai^  strong,  thick  coveringi^  pio- 
per  for  buildings  in  exposed  sitofttiona,  sack  as  bams^atahk^ 
and  other  out^faonses^ 

.  The  iostriimeots  used  in  aplittidg  and  deaning  rfaietf  ue^ 
s^ate-kuives^axes^bars^'aad wedges;  the  three  fint  beitf 
used  to  reduce  the  slates  into  the  required  thicknesses,  and 
the  last  to  remove  the  inequalities  from  the  surfrtce. 

ImpericU  slating  is  particularly  neat,  and  may  be  loMnn 
by  having  its  lower  edgjr  saifn  i  whereas  all  other  slato 
used  for  covering  are  chipped  square  on  their  edges  only. 

Paient  daUwBS^  first  braughi^  iatd  UiebjT  Afr.  Wjiast,  ihe 
architect ;  but  a  patent  was  nei«r  ^btiinerf;  *  It  derma  its 
name  from  the  mode  adopted  lo  Ivf  iron  roofiif  it  iluiyfce 
laid  on  a  rafter  ef  much  less  elevatteo  tban;a^r  otbfif^  wmk 
ia  considerably  lighter,  by  rf  asoo  of  the  laps  be&g;  less  thia 
is  necessary  for  tfa^  common  scurt  of  ^iktiag^  This  r^  '^- 
was  offigiaally  m^p  from^  WeWiragt^  but  is 
freqaeotiy  niade  from  /mpertefr^wbieb  wader  il  f 
also  somewhat  oeaM??  ijt  appearance.. 

/iFes/aft(^e^iDPiJ#/a^  from  the  experiments 
Bishpp  of  liandaffy  appeare  to  ditbt  Utile  in  ita  nataral  eoo* 
position  from  that  oDtained  from  Wales.    It  must,  [ 
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be  rtmufced,  tbat  this  Irind  of  slate  owesHsKghtoesi,  no| 
so  much  to  any  diversity  in  the  compoDent  parts  of  the 
acoDC^  as  to  the  thtnoess  to  which  it  is  reduced  by  the  work* 
meii ;  oooseqaeutiy^  it  is  not  so  welt  caloolated  to  resist 
riolent  winch  as  those  which  are  heavier. 

Slates,  when  broiidit  froni  the  qaarry,  are  not  snfAcientiy 
square  for  the  slaters  use ;  be  therefore  picks^  np^  and  exa« 
nninab  the  slates  sepamtely^  and  observes  which  is  the 
atraagest  and  sqoarest  end;  tbeni  sealing  himself,  he  holds 
the  slate  a  little  slanting  upon,  and  projecting  aboot  an  inch 
over,  the  edge  of  a  small  Mock  of  wood,  which  is  of  the 
aafoe  bei^  as  his  seat,  and  coto  away  and  makes  stra%bt 
one  of  its  edges  |  lhen>  with  a  slip  of  wood,  he  gauges,  and 
cols  off  the  other  edge  parallel  to  it,  and  squares  the  end. 
The  shite  is  now  considered  prepared  for  Use,  with  the 
exception  of  perforating  through  its  opposite  ends  two  small 
holes,  for  the  reception  of  the  nails  which  are  to  confine  it 
to  the  roof.  Copper  and  zinc  naib,  or  iron  nails  timied,  are 
considered  the  best,  being  lees  susceptible  of  oxidation  than 
uails  made  of  bar  iron. 

Bdbffe  wo  proceed  farther  with  the  operations  necessary 
io  the  slating  of  bnildi&gy  we  shall  give  some  account  of  the 
tools  U8ed  by  this  class  of  artificers. 

I^aters'  toots  ate  veiy  few,  which  sometimes  are  found  by 
the  mosters,.  and  sometimes  by  the  men.*  The  tool  called 
the  saixe^  is  made  of  tempered  ipon,  about  sixteen  inches  in 
length,  and  two  inches  iu  width,  somewhat  bent  at  one  end, 
^ita  a  luutdle  of-  w€Kk1  at  the  odier.  This  tool  is  not  unlike 
i  large  knife,  except  that  it  has  on  its  back  a  projecting  piece 
>f  iron,  aboiU  three  inches  itt  kngth,  drawn  to  a  sharp 
>oiat.  This  tool  is  used  to  chip  or  cat  all  the  slates  to  the 
-equired  sizes. 

The  ripper  is  also  of  iron^  about  the  same  ^length  as  the 
;aixe;  it  has  a  very  thin  blade,  aboot  an  inch  uid  three- 
loarters  wide,  tapmd  somewhat  towfirds  the  top,  where  a 
round  head  projects  ovef  the  blade  about  half  an  inch  on 
rach  si(ie :  it  has  fdso  two  little  round  notches  in  the  two 
iitcriial  angles  at  their  intersections.  The  handle  of  this 
pol  is  raised  above  the  blade  by  a  shoulder,  which  enables 
be  wodtman  to  hold  it  firm.  This-  instrument  is  used  in 
^pairing  old  slating,  and  the  application  consistfr  in  thrust- 
rig  the  blade  under  the  states^  so  tbat  the  head,  t^ch  pro- 
ect0^  may  catch  the. nail  in-  the  little-  notch  at  its  intersec-- 
ioo>  and  enable  the  workman  to  chwv  it  out.    During  thia 
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operation  the  slate  is  suffidently  loosened  to  allow  (tf  its 
being  removed,  and  another  inserted  in  its  i^ace. 

The  hammer,  urtiich  is  somewhat  difierent  in  shape  to  the 
ordinary  tool  of  that  name,  is  about  fiye  inches  m  height 
on  the  hammer,  or  driving  part,  and  the  top  is  bent  back,  and 
ground  to  a  tolerably  snarp  point,  its  lower  or  flat  end, 
which  is  quite  round,  being  about  three-quarters  of  an  ind 
in  diapieter.  On  this  side  of  the  driving  part  is  a  smal 
projection,  with  a  notch  in  the  centre,  which  is  used  as  i 
claw  to  extract  such  nails  as  do  not  drive  satisfactorily. 

The  shavmg^tool  is  used  for  getting  the  slates  to  a  smooA 
face  for  skirtings,  floors  of  balconies,  &c.  It  consists  of  la 
iron  blade,  sharpened  at  one  of  its  ends  like  a  chisel,  asd 
mortised  through  the  centre  of  two  round  wooden  faaadbcB, 
one  fixed  at  one  end,  and  the  other  about  the  middle  of  the 
blade.  The  blade  is  about  eleven  inches  long,  and  two  incbo 
wide,  and  the  handle  is  about  ten  inches  long,  so  that  ibej 
project  about  four  inches  on  each  side  of  the  blade.  In  Bsio§ 
this  tool,  the  workman  places  one  hand  on  each  side  of  tike 
handle  that  is  in  the  middle  of  the  blade,  and  allows  the 
other  to  press  against  both  his  wrists.  In  this  manner  lie 
remoyes  all  the  uneven  parts  from  off  the  face  of  the  slate, 
and  gets  it  to  a  smooth  surface* 

The  other  tools  used  by  the  slater  consbt  of  chisefe, 
gouges,  and  files  of  all  sizes ;  by  means  of  which  he  finishes 
the  slates  into  mouldings  and  other  required  forms. 

In  slating  roofs,  it  is  necessary  to  form  a  base  or  floor  for 
the  slates  to  lay  compactly  and  safely  upon ;  for  doubles  and 
ladies^  boarding  is  required,  which  must  be  laid  very  eveu, 
with  the  joints  close,  and  properly  i9ecured  by  nails  to  the 
rafters.  This  being  completed,  the  slater  provides  himsdf 
with  several  slips  of  wood,  called  tilHng  JUlets^  about  tea 
inches  and  a  half  wide,  and  three-quarters  of  an  inch 
thick  on  one  edge,  and  chamfered  to  an  arris  on  the  other, 
which  he  nails  down  all  round  the  extreme  edges  of  the 
roof,  b^inning  with  the  hips,  if  any,  and  if  not,  with  the 
sides,  eaves,  and  ridge.  He  next  selects  the  lai^^est  of  the 
slates,  and  arranges  them  r^^arlv  along  the  eaves  with 
their  lower  edges  to  a  line,  and  nails  them  to  ike  boaidi^. 
This  part  of  the  work  being  completed,  be  takes  other 
slates  to  form  the  bond  to  the  under  sides  of  Uie  eaves,  and 
places  them  under  those  previously  laid,  so  as  to  cross  aad 
cover  all  their  joints.  Such  slates  are  pushed  up  lightly 
under  those  which  are  above  them,  and  are  seldom  nailed, 
but  left  dependent  for  support  on  the  weight  of  those  shore 
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ibem^md  their  own  weight  on  the  boarding.  The  countesses 
and  aJl  other  description  of  slates^  when  intended  to  be  laid 
iu  a  good  manner,  are  also  laid  on  boards. 

When  the  slater  has  finished  the  caves,  he  strains  a  line 
on  the  face  of  the  upper  slates,  parallel  to  its  outer  edge^ 
and  as  far  from  it  as  he  deems  sufficient  for  the  lap  of  those 
he  intends  shall  form  the  next  course,  which  is  laid  and 
nailed  even  with  the  line,  crossing  the  joints  of  the  upper 
slates  of  the  caves.  This  lining  and  laying  is  continued 
close  to  the  ridge  of  the  roof,  observing  throughout  to  cros^ 
the  different  joints,  by  laying  the  slates  one  above  another. 
The  same  system  is  uniformlv  followed  in  laying  all  the 
different  sorts  of  slates,  with  the  exception  of  those  called 
patent  slates^  as  are  hereafter  explained. 

The  largest  kinds  of  slate,  are  found  to  lay  firm  on  baf^ 
tens,  which  arc,  consequently,  much  employed,  and  pro-* 
dace  a  very  considerable  saving  of  expense  in  laree  build- 
ings. A  batten  is  a  narrow  portion  of  deal,  oBout  two 
incites  and  a  half,  or  three  inches  wide ;  four  of  them  being 
commonly  procured  from  an  eleven  inch  board. 

For  countess  slates,  battens  three-quarters  of  an  inch 
thick,  win  be  of  adequate  substance ;  but  for  the  larger  and 
heavier  kinds,  inch  battens  will  be  necessary.  In  battening 
a  roof  for  slates,  the  battens  are  not  placed  at  an  uniform 
distance  from  each  other,  but  so  as  to  suit  the  length  of  the 
slates ;  and  as  these  vary  as  they  approach  the  apex,  or  ridge 
of  the  roof,  it  follows  that  the  slater  himself  is  the  best 
judge  where  to  fix  them,  so  as  best  to  support  the  slates. 

A  roof,  to  be  covered  with  patent  slates,  reauires  that  the 
common  rafters  be  left  loose  upon  their  purlincs,  as  they 
must  be  so  arranged  that  a  rafter  shall  lie  under  every  one  of 
the  meeting-joints.  Neither  battening  nor  boarding  is  re- 
quired for  these  slates.  The  number  of  rafters  will  depend 
on  the  width  of  the  slates  ;  hence  if  they  be  of  a  large  size, 
very  few  will  suffice.  This  kind  of  slating  is  likewise  comr 
menced  at  the  er.ves ;  but  no  crossing  or  bonding  is  re- 
quired, as  the  slates  are  laid  uniformly,  with  each  end  reach- 
ing to  the  centre  of  the  rafter,  and  butted  up  to  each  other 
throughout  the  length  of  the  roof.  When  tnr  eaves-course 
is  laid,  the  slates  which  compose  it  are  screwed  down  to 
the  rafters  by  two  or  three  strong  inch  and  half  st'rews  at 
each  of  their  ends.  A  line  is  then  strained  about  two 
inches  below  the  upper  cdge^,  in  order  to  guide  ttic  Uiyitig 
of  the  next  course,  which  is  laid  with  its  lou  er  edge  Unit  U 
iDg  the  line.    This  lining,  laying  with  a  IsLpi  nud  scicwod 
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down^  is  continued  till  the  roof  is  completely  covered*  Hie 
joints  are  then  secured  by  filletting,  which  consists  in  aw 
ing  all  the  meeting-joints  with  fillets  of  slate,  bedded  it 
glazier's  putty,  and  screwed  down  through  the  whole  into 
the  rafters.  The  fillets  are  usually  about  three  inches  wide, 
and  of  a  length  proportionate  to  that  of  the  slates,  wW 
joints  they  have  to  cover.  These  fillets  are  solidly  bedded 
m  the  putty,  and  their  intersecting  joints  are  lapped  simik 
to  those  of  the  slates.  He  fillets  being  so  laid,  and  sectnd 
by  one  in  the  middle  of  the  fillet  and  one  in  each  lap,  rr 
next  neatly  pointed  all  round  their  edges  with  more  piKj, 
and  then  painted  over  with  the  colour  of  the  slate.  The  Ispi 
and  ridges  of  such  slating  are  frequently  covered  by  fiUi 
which  produces  a  very  neat  effect ;  but  lead,  which  u  ^ 
much  dearer,  is  by  far  the  best  kind  of  covering  for  all  \i? 
and  ridges.  The  patent  slating  may  be  laid  so  as  to  be  per- 
fectly water-tight,  with  an  elevation  of  the  rafters  coDsiikr- 
ably  less  than  for  any  other  slate  or  tile  covering.  The  rise 
in  each  foot  of  length  in  the  rafter  is  not  required  tok 
more  than  two  inches,  which,  in  a  rafter  of  fifteen  feet,  iri 
amount  to  only  two  feet  she  inches :  a  rise  scarcely  percep- 
tible fix)m  the  ground. 

Slating  is  performed  in  several  other  ways,  but  the  prin- 
ciples already  explained,  embrace  the  most  of  them,  ooex 
workmen  shape  and  lay  their  slates  in  a  lozenge  form.  Tliis 
kind  of  work  consists  in  getting  all  the  slates  to  an  unjforp 
size,  of  the  shape  of  a  geometrical  square.  When  laid  « 
the  roof,  which  must  be  boarded,  they  are  bonded  and  hp- 
ped  as  in  common  slating,  observing  only  to  let  the  dbov. 
or  half  of  the  square,  appear  above  each  slate  that  is  oefi 
beneath  it,  and  oe  regular  in  the  courses  all  over  the  root 
One  nail  or  screw  only  can  be  iised  for  such  slating ;  bene? 
it  soon  becomes  dilapitated.  It  is  commonly  employed  d 
places  near  to  the  eye,  or  where  particular  neatmess  is  i^ 
quired. 

It  has  been  ascertained,  that  a  slate  one  inch  thick  wiS, 
in  an  horizontal  position,  support  as  much,  in  weighty  >^ 
five  inches  of  Portland  stone  similarly  suspended.  Hence 
slates  are  now  wrought  and  used  in  galleries,  and  other  po^ 
poses,  where  it  is  essential  to  have  strength  and  lightness 
combined. 

Slates  are  also  fashioned  into  chimney-pieces ;  but  are  ifl- 
capable  of  receiving  a  polish  like  marble.  It  makes  excel- 
lent skirtings  of  all  descriptions,  as  well  as  casings  to  ff*'^ 
where  dilapidations,  or  great  wear  and  tear  are  to  be  a* 
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>octed.  For  these  purposes,  it  is  capable  of  being  fixed  witti 
oints,  equally  as  neat  as  wood :  and  may,  if  required,  be 
>aintcd  over  so  as  to  appear  like  it.  Stair-eases  may  akp 
>c  executed  in  slate,  which  will  produce  a  resemblance  of 
narbie. 

MSNSURATIOV  OF  PLAaTERBHS'  AN0  0LATBR8'  WORK, 

Plasterers*  work  is  executed  by  the  yard  square ;  and  the 
limensions  are  taken  in  feet  and  inches. 

If  a  room  consists  of  more  than  four  quoins,  the  addi- 
ioual  comers  must  be  allowed  at  per  foot  run. 

In  measuring  ceilings  with  ribs,  the  superficies  must  be 
;aken  for  plain  work ;  then  an  allowance  must  be  made  for 
:^ch  mitre,  and  the  ribs  must  be  valued  at  so  much  per  foot 
run,  according  to  the  girth ;  or  by  the  foot  superficial,  all- 
owing moulding  work. 

In  measuring  common  work  the  principal  things  to  be 
>bserved  are  as  follow: — first,  to  make  deductions  for 
chimneys,  windows,  and  doors ;  secondly,  to  make  deduc-* 
ions  for  rendering  upon  brick  work, for  doors  and  windows; 
hirdly,  if  the  workman  find  materials  for  rendering  between 
quarters,  one-fifth  must  be  added  for  quarters  ;  but  if  work-* 
nanship  only  is  found,  the  whole  must  be  measured  as  whole 
«^ork,  because  the  workman  could  have  performed  the 
Thole  much  sooner  if  there  had  been  no  quarters ;  fourthly, 
ill  mouldings  in  plaster  work  are  measured  by  the  foot  su- 
>erficialy  the  same  as  joiners,  by  girting  over  tne  mouldings 
vith  a  line. 

Slaters'  work  is  measured  and  reduced  into  squares,  cou-^ 
aining  100  feet  superficial.  If  in  measuring  the  slating  on 
I  roof,  it  be  hipped  on  all  sides  with  a  flat  at  top,  and  the 
)lauof  the  building  be  rectangular,  add  the  length  and  breadth 
>f  two  adjoining  sides  of  the  eaves,  and  the  length  and 
)readth  of  two  ^joining  sides  at  the  flat  together,  muTtipIr 
he  sum  by  the  breadth  of  the  slope,  and  the  product  will 
;ive  the  area  of  the  space  that  is  covered.  Add  the  number 
>f  sQuare  feet  produced,  by  multiplying  the  girts  of  the  roof 
)y  the  length  of  the  slates  at  the  eaves ;  to  the  area  also,  for 
he  trouble  of  putting  on  the  double  row  of  slates,  add  thc^ 
lumber  of  square  feet  produced  by  multiplying  the  length 
)f  the  hips  by  one  foot  m  breadth,  and  the  sum  will  be  the* 
rhole  contents,  and  yield  a  compensation  for  the  trouble 
;nd  waste  of  materials.  If  there  be  no  flats,  add  the  two 
tdjoining  sides  and  twice  the  length  of  the  ridge  for  the 
ength ;  multiply  the  sum  by  the  breadth  of  the  slip»,  far 
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the  area  of  the  space  coveredj  aud  add  the  aDowanoes  as 
Wore. 

ADother  plan  b  to  allow  in  addition  to  the  nett  dimea* 
sions  of  the  work,  six  inches  for  all  the  eaves^  and  firar 
inches  for  the  hips. 

All  faced  work  in  slate  skirting,  stair-cases^  gallerieB,&c 
is  charged  by  the  foot  superflciat^  withontaay  addilioB, 


PLUMBING, 

Is  the  art  of  casting  and  working  in  lead,  and  nsii^ie 
same  in  the  covering  and  for  other  purposes  in  buQdii^. 

To  the  plumber  is  also  confided  the  pump- work,  as  id 
as  the  maKing  and  forming  of  cisterns  and  reaenroirs,  lap 
or  small  closets,  &c.  for  the  purposes  of  domestic  oecoDoof. 
The  plumber  does  not  use  a  great  variety  of  tools,  because  tk 
ductility  of  the  metal  upon  which  he  operates  does  not  n- 
quire  it. 

The  tools  used,  consist  of  an  iron  hammer,  rather  hesfier 
tlian  a  carpenter^s,  with  a  short  thick  handle  ;  two  or  thtf 
wooden  mallets  of  different  sizes ;  and  a  dressing  and  tut- 
ting tool. 

This  last  is  of  beech,  about  eighteen  inches  long,  aodtm 
inches  square,  planed  smooth  and  flat  on  the  under  smtet 
rounded  on  the  upper,  and  one  of  its  ends  tapered  offro^si 
^&  a  handle.  With  this  tool  he  stretches  out  and  flattess 
the  sheet-lead,  or  dresses  it  to  the  shape  required,  nan? 
first  the  flat  side^i  then  the  round  one,  as  occasion  may  r^ 
quire. 

The  plumber  has  also  occasion  for  a  jack  and  trying  pbs^ 
aimilar  to  that  of  the  carpenter. 

With  this  he  reduces  the  edges  of  sheet-lead  to  a  stiii^ 
line,  when  the  purposes  to  which  it  is  to  be  applied  I^ 
quire  it. 

Also  a  chalk  line,  wound  upon  a  roller,  for  marking  ci^ 
the  lead  into  such  breadths  as  he  may  want. 

His  cutting  tools  consist  of  a  variety  of  chisels  and  goops 
as  well  as  knives. 

The  latter  of  these  are  used  for  cutting  the  sheet  lead  io^ 
slips  and  pieces  after  it  has  been  marked  out  by  the  cfatft 
line. 

'  Files  of  different  sizes  |  ladles  of  three  or  four  sixes,  fc' 
melting  the  solder  i  and  an  iron  instrument  called  gromt 
troiu. 
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TVne  grazin^«4roM«rQof  lateral  sices,  generally  about 
twelre  indws  in  ieogih,  tapered  at  both  ends,  the  handle 
end  being  turned  quite  round,  to  allow  of  its  being  firmly 
held  while  in  .Use :  the  other  end  b  a  bulb  of  a  spindle,  or 
spherical  shape,  of  a  sice  proportioned  to  the  solaering  in- 
tended to  be  executed.  Tiiej  are,  v^hen  required  for  use, 
heated  to  redness. 

The  plumber's  measuring  rule  is  two  feet  in  length,  di  • 
rided  mto  three  equal  parts  of  eight  inches  each  ;  two  of 
its  legs  are  of  box^wood,  duodecimally  divided ;  and  the 
tiurd  consists  of  a  piece  of  slow  tempered  steel,  attached  t^ 
one  of  the  box  l^s  by  a  pivot  on  which  it  turns,  and  falls^ 
when  not  in  use,  into  a  groove  cut  in  such  leg  for  its  recep- 
tion. This  steel  leg  can  be  passed  into  places  wnere  the  others 
cannot  enter ;  ati^  it  is  also  useful  for  occasionally  removing 
the  oxide  or  any  other  extraneous  matters  from  the  surface 
cf  the  heated  metal. 

Scales  and  weights  are  also  necessary ;  and  he  must  be 
supplied  with  centre-bits  of  all  sizes ;  and  a  stock  to  work 
them,  for  the  purpose  of  making  perforations  in  lead  or 
wood,  through  which  he  may  want  to  insert  pipes,  &c. 
Compasses,  to  strike  circular  pieces,  to  line  or  cover  figures 
of  that  shape,  are  occasionally  required. 

Lead  is  ontained  from  ore,  and,  from  its  being  genei'ally 
combined  with  sulphur,  it  has  been  denominated  ^^  mlphu'-' 
rei.**  After  the  ore  has  been,  taken  firom  its  bed  it  is  smelted^ 
first  being  picked,  in  ordar  to  separate  the  unctuous  and  rich> 
or  genuine  ore  firom  the  stony  matrix,  wad  other  impurities  \ 
the  picked  ore  is  then  pounded  under  stampers  worked  by 
macninery,  and  afterwards  washed  to  carry  on  the  remainder 
of  the  matrix,  which  could  not  be  separated  in  picking.  It  is 
next  put  into  a  reverberatory  furnace,  to  be  roasted  ;  during 
whidi  operation,  it  is  repeatedlv  stirred,  to  facilitate  tM 
evaporation  of  the  sulphur.  When  the  surface  begins  to 
assume  the  appearance  of  a  paste,  it  is  covered  with  char^ 
coal,  and  well  shaken  together :  the  fire  is  then  increased, 
and  the  purified  lead  flows  down  on  all  sides  into  the  basin 
of  thefumaoe,  whence  it  runs  off  into  moulds  prepared  for 
its  reception.  The  moulds  are  capable  of  receiving  154Ibs. 
of  lead  eadi,  and  tbdr  contents,  when  oool,  are,  in  the  ix^^ 
merdal  world,  called  pijv. 

Lead  is  cf  a  blaish^wMte  colour,  and  when  newly  melt** 
ed,  or  cut^  is  quite  bnglO;  $  but  it  soon  becomes  tarnished 
en  expoanre  to  the  atmosphere ;  assuming  first  a  dirty  gre^^ 
eolour,  an^  ofterwatds  beoomea  white*     It  is  capaUe  of . 
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imtkg  hdfBinered  into  very  thin  plates^  and  tnay  bednuB 
into  wire ;  but  its  tenacity  is  very  inferior  to  that  of  other 
-metals  $  for  a  leaden  wire,  the  hundred  and  twentieth  put 
^r  an  inch  in  diameter^  is  only  capable  of  gopportiDgiibGat 
J3lb.  without  breaking.  Lead,  next  to  tin,  is  the  most  h- 
^ible  of  all  metals ;  and  if  a  stronger  heat  be  appli^ 
It  boils  and  evaporates.  If  cooled  slowly,  it  cryBtaUiieL 
The  change  of  its  external  ooloulr  is  owing  to  itA  gndnl 
combination  with  oxygen,  which  converts  its  exterior  i»» 
face  into  an  oxyd.  This  outward  crust,  however,  prcMna 
the  rest  of  the  metal  for  a  long  time,  as  the  air  can  poe- 
trate  but  very  slowly. 

.  Lead  is  not  acted  upon  immediately  by  water,  tho^tktf 
element  greatly  facilitates  the  action  of  the  air  upon  it:  fa 
•it  is  known  that,  when  lead  is  exposed  to  the  atmospheR^ 
and  kept  constantly  wet,  the  process  of  oxidation  t^ 
place  much  more  rapidly  than  it  does  under  other  dicofl* 
stances :  hence  the  white  crust  that  is  to  be  observed  oi 
the  sides  of  leaden  vessels  containing  water,  just  it  \k 
•place  where  the  surface  of  the  water  terminates. 
.  Lead  is  purchased  by  plumbers^  in  pigs^  and  they  ledioe 
it  into  sheets  or  pipes,  as  they  have  occasion.  Of  sbeetrkid 
they  have  two  kinds,  cast  and  milled.  The  former  is  mri 
for  covering  flat  roofs  of  buildings,  laying  of  terraces,  fom- 
ing  gutters,  lining  reservoirs,  &c.$  and  the  latter,  vrioAf 
very  thin,  for  covering  the  hips  and  ridges  of  roofs.  THoi 
liast  they  do  not  manufacture  themselves^  but  purchase  t 
of  the  lead  merchants,  ready  prepared. 

For  the  casting  of  sheet  lead,  a  copper  is  provided,  aadwd 
fixed  in  masonry,  at  the  upper  end  of  the  workshop^  neir 
the  mould  or  casting  table,  which  consists  of  stnui^  doi 
boardis,  well  jointed  together,  and  bound  with  bars  of  iiw 
at  the  ends.  The  sides  of  this  table,  of  which  the  sfaipe  s 
a  parallelogram,  vary  in  size  from  four  to  six  feet  in  mif 
and  from  16  to  18  feet  and  upwards  in  length,  and  are  gmrded 
by  a  frame  or  edging  of  wood,  3  inches  thick,  and  4  ori 
inches  higher  than  me  interior  surfiEice,  called  the  dmfih 
This  table  is  fixed  upon  firm  1^,  strongly  firamed  togethert 
^ut  6  or  7  inches  lower  than  the  top  of  the  copper.  At 
the  i;pper  ^^d  of  the  mould, -nearest  the  copper,  is  a  to 
called  the  pan,  which  is  adapted  in  its  lengtk  to  the  breatkk 
of  th^  t^bl^  having  at  its  oottom  a  long  horizontd  sB^ 
from  which  die  heated  metal  is  to  issne,  when  it  has  bees 
poured  in  from  the  copper.  This  box  moves  iqxui  soUtn 
fjong  the  surfaqe  of  tbc^  rim  of  the  table^  andis  put  iajoo? 
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ion  b]^  meant  of  ropei  and  pnlleys,  fixed  to  beams  above. 
vVlule  the  metal  is  melting,  the  surface  of  the  mould,  or 
able,  is  prepared  by  corering  it  with  a  stratum  of  dry  and 
^ean  sand,  regularly  smoothed  over  with  a  kind  of  rakcj; 
wdled  a  strike,  which  consists  of  a  board  about  5  inches 
>road,  and  rather  longer  than  the  inside  of  the  mould,  so 
hat  its  ends,  which  are  notched  about  two  inches  deep,  may 
ide  upon  the  shafts.  This  being  passed  down  the  whole 
ength  of  the  table«  reduces  the  sand  to  an  uniform  sur- 
ace.  The  pan  is  now  brought  to  the  head  of  the  table,  close 
a  the  copper,  its  sides  having  previously  been  guarded  by  a 
:oat  of  moistened  sand,  to  prevent  its  firing  firom  the  heat  of 
;he  metal,  which  is  now  put  in  by  ladles  from  the  copper. . 

These  pans,  or  boxes,  it  must  be  observed,  are  made  to 
contain  the  quantity  of  melted  lead  which  is  required  to  cast 
I  whole  sheet  at  one  time ;  and  the  slit  in  the  bottom  is  so 
idjusted  as  to  let  out,  during  its  progress  along  the  table^ 
ast  as  much  as  will  completely  cover  it  of  the  thickness  and 
freight  per  foot  required.  Every  thing  being  thus  prepared^ 
lie  slit  is  opened,  and  the  box  moved  along  the  table,  dis* 
sensing  its  contents  fix>m  the  top  to  the  bottom,  and  leaving 
n  its  progress  a  sheet  of  lead  of  the  desired  thickness, 
A^en  cool,  the  sheet  is  rolled  up  and  removed  from  the 
;able,  and  other  sheets  are  cast,  till  all  the  metal  in  the  cop-' 
>er  is  exhausted.  The  sheets  thus  formed  are  then  rolled 
ip  and  kept  for  use. 

Id  some  places,  instead  of  having  a  square  box  upon 
fvbeelsy  with  a  slit  in  the  bottom,  the  pan  consists  of  a  kind 
>f  trough,  being  composed  of  two  planks  nailed  together  at 
-if^t  a^es,  with  two  triangular  pieces  fitted  in  between 
bero,  at  their  ends.  The  length  of  this  pan,  as  well  as  that 
>f  the  box,  is  equal  to  the  whole  breadth  of  the  mould.  It 
8  placed  with  its  bottom  on  a  bench  at  the  head  of  the  table 
eaning  with  one  side  against  it :  to  the  opposite  side  is  fixed 
I  handle,  by  Tiiiich  it  may  be  lifted  up  in  order  to  pour  out 
be  liquid  metal.  On  the  side  of  the  pan  next  the  mould 
ire  two  iron  hooks,  to  hold  it  to  the  table,  and  prevent  it 
rom  slipping  while  the  metal  is  being  poured  into  the 
noold. 

The  mould,  as  well  as  the  pan,  is  spread  over,  about  two 
£cbes  thick,  with  sand,  sifted  and  moistened,  and  rendered 
perfectly  level  by  moving  over  it  the  strike,  and  smoothing  i^ 
iown  with  a  plane  of  polished  brass,  about  a  quarter  of  an 
nch  thick,  and  nine  inches  B(|uare,  turned  up  on  the  edges« 

Before  they  proceed  to  casting  the  lead,  the  sdike  is  made 
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penAy  by  tacking  two  pieces  of  old  kaC  on  the  mltte^ar 
by  covering  the  notches  with  leather  cases,  so  as  toniselk 
under  side  of  the  strike,  about  an  eighth  of  an  inch,  m 
more,  above  the  sand,  according  to  the  propoaed  thidmoi 
ef  the  sheet.  l%e  fiice  or  under  side  of  the  strike  is  tka 
smeared  with  tallow,  and  laid  across  the  brradlh  of  the 
inould,  with  its  ends  resting  on  the  shafts.  Tlie  mdted  \ai 
is  then  put  into  the  pan  with  lades ;  and,  when  a  sufficieil 
quantity  has  been  put  in,  the  scum  is  swept  off  with  apieoi 
if  board,  and  suffered  to  settle  on  the  coat  of  saod, » 
prevent  its  (ailing  into  the  mould,  when  the  metal  is  fcmi 
out.  It  generally  happens,  that  the  lead,  when  first  tda 
from  the  copper,  is  too  hot  for  casting;  it  is  therefore srf- 
fered  to  coo)  in  the  pan,  till  it  b^ins  to  stand  with  a  ihd 
or  wall  on  the  s«id  with  which  the  pan  is  lined*  Two  wn 
then  take  the  pan  by  the  handle,  or  one  of  them  takes  it  If 
means  of  a  bar  and  chain  fixed  to  a  beam  in  the  eeiliog^asi 
turn  it  down,  so  that  the  metal  runs  into  the  mould :  wkle 
another  man  stands  ready  with  the  strike,  and,  as  sooaa 
all  the  metal  is  poured  in  sweeps  it  forward  and  dram  th 
residue  into  a  trough  at  the  bottom,  which  has  been  pctpf 
red  to  receive  it.    llie  sheet  is  then  rolled  up,  as  before. 

In  this  mode  of  operation,  the  table  iocUncs  ia  i1 
length  about  an  inch,  or  an  inch  and  a  half,  in  the  kagthof 
sixteen  or  seventeen  feet,  or  more,  according  to  the  reqoiiei 
thickness  of  the  sheets ;  the  thinner  the  sheet  the  grata 
the  declivity;  tmd  mee  vend.  The  lower  end  of  the  mooid 
is  also  left  open,  to  admit  of  the  soperflaona  metal  bci^ 
thrown  oSI 

When  a  cistern  is  to  be  cast,  the  sice  of  the  ficmr  sideiii 
measured  out ;  and  the  dimensioos  of  the  froot  Imri^g  bea 
taken,  slips  of  Wood,  on  whieh  the  mooMiogs  are  oarvoi,  oc 

firessed  upon  the  sand*  Figuf^es  of  Urds,  bensts,  Ac  ut 
ikewise  stamped  in  the  internal  avea,  by  means  of  icsds 
moulds.  If  any  part  of  the  sand  has  been  distnrbed  ■ 
doing  this,  it  is  made  smooth|  and  the  proceaa  of  csiti^ 
goes  OH  as  for  plain  sheets ;  except  that,  instead  of  roiiiif 
up  the  lead  whet  cast,Uis  bent  Intofon*  sidea^  so  that  tk 
two  ends,  when  they  are  soldered  together,  may  be  joiail 
Ut  the  back  |  the  bottom  is  a^nvwds  soldered  «pu 

The  lead  which  Knes  the  Chinese  tea^boxea  is  reduced 
io  a  thinness  which  o«r  plombeva  cannot,  ic  is  said,  ^ 
proach.  The  foltowing  aocooat  of  the  Mooess  was  coamis* 
nicated  by  an  intelligent  Bast-ladfaus  m  a  letter  wfaicb  ap^ 
fenced  io  the  Gensleman's  Magaxine.  ^Ti}e  caster  siist7 
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a  pot/ctotmnnig  tkm  mielted  o^dtaljimd  litis  two  \%rgeBtOfti&iL 
the  bwer  one  fixed  and  the  upper  one  momble,  hiring 
their  0ar&u)e8  of  contttct  groand  to  etch  other,  directly  be«> 
ft>re  him*  He  miscB  the  upper  stone  by  presstni;  his  fool 
upon  kt  ode,  and  witti  an  iron  ladle  poors  into  the  openitif 
a  euficieflit  qoantsty  of  the  Arid  metid.  He  then  lets  m 
the  opper  stone,  and  tbns  forms  the  lead  into  an  extremely 
thin  and  irregolar  plate,  which  is  afterward^  cat  into  its  re* 
quired  form/' 

Cast  sheet  lead,  used  for  architectural  purposes,  is  techni-k 
cally  divided  into  51b.  B^lb.  «lb.  6§lb.  7(b.  7ilb.  81b.  and 
841b. ;  by  which  is  isndentood,  that  e^rety  superficial  fbot 
18  to  contain  those  respective  weights,  accordfeg  to  the  price 
agreed  upon. 

The  milled  lead  used  by  plumbers  is  very  thin,  seldom 
containing  more  than  6ib.  to  the  ftiNot.  It  is  by  no  means 
adapted  to  gutters  or  terraces,  nor,  indeed,  to  any  part  of  a 
bailding  that  is  much  exposed  either  to  great  wear  or  to  the 
effects  of  the  sun's  rays  2  in  the  former  case,  it^oon  wears 
away ;  hi  the  latter,  it  expancb  and  cracks.  It  is  laminated 
in  sheets  of  about  the  same  size  as  those  of  cast  lead,  by 
means  of  a  roller,  or  flatting-mill. 

Lead-f>{pes^  besides  the  various  ways  of  manufacture  Se- 
serii»ed  In  page  362,  are  sometimes  made  of  sheet  lead,  by 
t>eating  it  on  round  wooden  cylinders  of  the  length  ana 
dfinelisioAfe  re^smied^  and  then  soldering  «p  the  edges. 

Solder  is  used  to  secure  the  joints  of  work  in  lead, 
nrliich  by  oiiber  means  would  be  impossible.  It  should  be 
sasier  of  fiision  than  the  metal  intended  to  be  soldered,  and 
iboald  be  as  nearly  as  possible  of  the  same  colour.  The 
>hraiber  therefore  uses,  what  is  tecbnicatiy  called,  iq/lf  sol* 
iery  irhich  is  a  compound  of  equal  parts  of  tin  and  lead, 
iielted  together  and  run  in  le  moulds.  In  this  state  it  is 
laid  by  the  manufhcturer  by  the  pound. 

lo  the  operation  of  soldering,  the  surfaces  or  edges  in-* 
;eoded  to  iie  united  are  scrapra  very  dean,  and  lirooght 
riose  op  to  eadi  edier,  in  which  state  they  are  held  by  aa 
issistimt,  while  the  plumber  applies  a  liltle  resin  on  the 
dints,  in  order  to  prevent  the  oxidation  of  the  metaU  The 
jested  adder  is  then  brought  in  a  ladle  and  poured  00  the 
oint ;  after  irtrich  it  is  soaoothed  and  fioisbed  by  rubbing  it 
iboBt  with  a  red-*hot  soldering  iron,  and  when  completed  Is 
nade  sb.o(^  by  filing* 

in  the  covering  of  roofs  or  terraces  with  lead,  (the  sheets* 
wrer  e^Gceeding  sixfeiet  in  breadth,)  it  beeomas  neeessery  in 
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^arge  surface,  to  have  joiDts ;  trbich  are  managed  sewal 
ways,  but  in  all,  the  chief  oligect  is  to  have  them  water* 
tight.  The  best  plan  of  effecting  this,  is  to  form  hpita 
IK>I1  joints,  which  is  done  by  having  a  roll,  or  atrip  of  wood, 
abont  two  inches  square,  bat  ronnded  on  its  upper  uit, 
nailed  under  the  joints  of  the  sheets,  where  the  edgc^  lip 
over  each  other ;  one  of  these  edges  is  to  be  dressed  op 
over  the  roll  on  the  inside,  and  the  other  is  to  be  dressed 
over  them  both  on  the  outside,  by  which  means  the  wtter 
id  prevented  from  penetrating.  No  other  fiisteniog  is  reqs- 
site  than  what  is  required  from  the  hammering  of  the  shots 
together  down  upon  the  flat ;  nor  should  any  other  be  I^ 
sorted  to,  when  sheet  lead  is  exposed  to  the  vicissitudes  d 
the  weather;  because  it  expands  and  shrinks,  which,  ifpre- 
veofteil  by  too  much  fastening,  would  cause  it  to  crack  umI 
beeoflM  useless.  It  sometimes,  however,  occnrs^  that  Tt& 
eanool  be  used,  and  then  the  method  of  joining  by  seam'^ 
resorted  to.  This  consists  in  simply  bending  the  approii- 
mate  edges  of  the  lead  up  and  over  each  other,  and  tbea 
dressing  them  down  close  to  the  flat,  throoghoot  their 
length.  But  this  is  not  equal  to  the  roll,  either  for  neatoesi 
or  security. 

liead  flats  and  gutters  should  always  be  laid  with  a  cv- 
rent,  to  keep  them  dry.  About  a  quarter  of  an  inch  to  the 
foot  run  is  a  sufficient  inclination. 

In  laying  gutters,  &c  pieces  of  milled-lead,  called /iti- 
ings,  about  eight  or  nine  inches  wide,  are  fixed  in  the  wib 
all  round  the  edges  of  the  sheet-lead,  with  which  the  flat  tf 
covered,  and  are  suffered  to  hang  down  over  them,  so  as  to 
prevent  the  passage  of  rain  through  the  interstice  betirees 
the  raised  ed^  and  the  wall.  If  the  walls  have  been  pee- 
yiously  built,  the  mortar  is  raked  out  of  the  ioint  of  the 
bricks  next  above  the  edge  of  the  sheet,  ami  the  flosb* 
ings  are  not  only  inserted  into  the  crack  at  the  upper  sido, 
6ut  their  lower  edges  are  likewise  dressed  over  those  of 
the  lead  in  the  flat,  or  gutter.  When  neither  of  these 
modes  can  be  resorted  to,  the  flushings  are  ftstened  bf 
wall-hooks,  and  their  lower  edges  dressed  down  as  beto. 

Drips  in  flats,  or  gutters,  are  formed  by  raising  onepaK 
above  another,  and  dressing  the  lead,  as  already  descrioed, 
for  covering  the  rolls.  They  are  resort^  to  when  the  goitff 
or  flat,  exceeds  the  length  of  the  sheet ;  or  sometioDa  for 
convenience.  They  are  also  an  useful  expedient  to  avoid  sol- 
dering the  joints. 
.  Sheetlead  isalsottBcd  in  the  lining  of  reservoirs,  wbick 
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u^  made  either  of  wood  or  masonry.  As  thetfe  conveni- 
ences are  seldom  in  places  subject  to  material  change  of 
:en]perature,  recourse  may  be  had  to  the  solderlQe,  without 
bar  of  its  damaging  the  work>  by  promoting  a  disposition 
o  crack. 

The  pumps  which  come  under  the  province  of  the  plum- 
>er,  are  confined  generally  to  two  or  three  kinds^  used  for 
iomestic  purposes,  of  which  the  suction  and  lifting  pumps 
ire  the  chief :  these,  as  well  as  water-closets,  are  manufac- 
ured  by  a  particular  set  of  workmen,  and  sold  to  the 
)luinber,who  furnishes  the  lead  pipes,and  fixes  them  in  their 
)laces. 

Plumber's  work  is  generally  estimated  by  the  pound,  or 
lundred  weight;  but  the  weight  may  be  discovered  by 
neasurement,  in  the  following  manner  :  sheet-lead  usied  i^ 
'oofing  and  guttering  is  commonlv  between  seven  and 
welve  pounds  to  the  square  foot ; .  but  the  foUowii^g  table 
^faibits  the  particular  weight  of  a  square  foot  for  each  of 
he  several  tlucknesses. 


Thick- 

Poandtto 

Thick- 
Dess. 

POQBdstO 

ness. 

asqr.ft. 

a  sqr.  ft. 

.10 

5.899 

.15 

8.848 

.11 

6.489 

.16 

9.488 

i 

6.554 

* 

9.831 

•^^. 

7.078 

.17 

10.088 

•» 

7.S7S 

.18 

10.618 

.13 

7.668 

•19 

11.907 

.14 

8.S58 

i 

11.797 

i 

S.427 

•«1 

19.387 

In  this  table  the  thickness  is  set  down  in  tenths  and  hun- 
Iredths,  &c.  of  an  inch ',  and  the  annexed  corresponding 
lumbers  are  the  weights  in  avoirdupois  pounds,  and  thou* 
andth  parts  of  a  pound ;  so  that  the  weight  of  a  square 
Dot  of  1-lOth  of  an  inch  thick,  10-lOOths,  is  5  lbs.  and  899 
bousandth  parts  of  a  pound  ;  and  the  weight  of  a  square 
Dot  l-9th  of  an  inch  in  thickness,  is  6  pounds  and  554 
housandths  of  a  pound.  Leaden  pipe  of  an  inch  bore,  is 
ommonly  13  or  14  lbs.  to  the  yard  in  length. 


GLAZING. 

Hie  business  of  this  class  of  artificers'consists  in  putting 
:lass]nto  sashes  and  casements.  Glazier's  work  may  be 
lassed  under  three  distinct  heads,  sash-  work,  lead-work^ 
nd  fret-work. 
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The  tools  Mqi&itefor  the  performance  ofthe  firtt  of  thue 
departmentB  are,  a  diamoad^  a  ranging  lath,  a  short  fa^,t 
aqnare,  a  rnle^  a  gfosmg^knife,  a  cutting- chjsd,  a  beading- 
bamm^)  a  duater^  ana  ^aah-to^ }  and  in  addition^  for  stop- 
ping in  squares,  a  hacking-koife  and  hammer. 

1^  diamond  is  a  speok  df  tbiA  predons  stone,  polished 
to  a  cutting  point,  ana  set  in  bra3S  on  an  iron  sock^  UI^ 
eeive  a  wooden  handle,  which  is  so  set  as  to  be  held  io  tfe 
hand  in  the  cutting  direction.  The  top  of  the  baudle  goo 
between  the  root  of  the  fore-finger  and  the  middle  fii^, 
and  the  hinder  part,  between  the  point  of  the  fore-fi^ 
and  thumb ;  there  is,  in  general,  a  notch  in  the  side  of  tte 
aooket,  which  should  be  held  next  to  the  lath.  Some  ist- 
monds  have  more  cuts  than  one.  Plough  diamonds  bavct 
square  nut  on  the  end  of  the  socket,  next  the  glass,  whid 
on  rannine  the  nut  square  on  the  side  of  the  latb,  keeps  k 
in  the  cutting  direction. 

Glass -bin^ters  have  dieSe  ploi^h  diamonds  withoat  kii; 
handles,  as,  in  cutting  their  curious  productions,  thej  €»- 
not  apply  a  latb,  but  direct  them  by  the  point  of  theirmid- 
die  finger,  gliding  along  the  edge  of  the  dass. 

The  ranging  lath  must  be  long  enough  to  extend  n&0 
beyond  the  boundaiy  ot  the  table  c^  glass. 

Ranging  of  glass  is  the  cutting  it  in  breadths  as  the  woii 
may  require,  and  is  best  done  by  one  uninterrupted  cnt  bm 
one  end  to  the  other. 

The  square  is  used  in  cutting  the  squares  from  the  no^ 
that  they  may  with  greater  certainty  be  cut  at  right  angles. 
The  glazing  knife  is  used  for  laying  in  the  putty  in  the  n> 
bates  of  the  sash,  for  binding  in  the  glass,  and  for  finishiif 
the  front  putty. 

Of  the  glass  used  in  building,  l^ree  qualities  are  in  com* 
mon  use,  denominated  best,  eeeond^  and  third. 

The  best  is  that  which  is  the  pur^t  metal  and  free  i 
blemishes,  as  blisters,  specks,  streaks,  &c.;  the  second  tf 
inferior,  from  its  not  beiiig'  so  free  from  these  blemishes ;  td 
the  third  are  "stiU  inferior,  .both  in  vegesA  to  qoalilju)' 
colour,  being  of  greener  bu^. . 

They  are  all  sold  at  the  same  price  per  crate ;  hot  tk 
number  of  tables  varies  according  to  the  quality,  fi^ 
twelve,  second  fifteen,  and  third  eighteen  tables. 

These  tables  are  circular  when  manufkctured,  and  abrtit 
four  feet  in  diameter,  having  in  the  centre  a  knot,  to  whiA 
in  the  coxurse  of  the  process,  the  flashing  rod  was  fixed ;  W 
for  the  safety  of  carriage^  and  convenience  of  handfingi  ^ 
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well  as  utility  iq  practice,  a  segment  it  ctit  off  aboat  few 
Inches  from  the  knot.  The  large  piece  with  the  knot,  stil 
retains  the  name  of  table;  the  smaller  piece  is  technically 
2tdied  a  slab.  From  these  tables  being  of  a  giren  siae,  it  is 
reasonable  to  suppose  that,  when  the  dimensions  of  squares 
u*e  such  as  cut  the  glass  to  waste,  the  price  should  be  ad- 
i^anced. 

A  superior  kind  of  glass  may  be  obtained  at  some  of  the 
Brst  houses  in  London,  which  is  rery  flat,  and  of  large  di« 
mensions ;  some  of  it  being  2  feet  o  indies  by  2  ^feet  1 
inch  ;  these  are  sold  only  in  squares. 

Rough  glass  is  well  adapted  to  baths,  and  other  plactss  of 
privacy ;  one  side  is  ground  with  emery  or  sand,  so  that  no 
objects  can  be  teen  through  it,  though  the  %ht  be  still 
transmitted. 

The  glass,  called  Oerman'-sheety  is  of  a  superior  kiad,  as 
it  can  be  had  of  much  larger  dimensions  than  common  glass ; 
it  is  also  of  a  purer  substance,  and  for  these  reasons,  is  frer 
quently  appropriated  to  picture  frames.  Squares  may  be 
bad  at  the  astonishing  size  of  3  feet  8  inches,  by  3  feet  1  inch, 
and  3  feet  10  inches  by  2  feet  8  inches,  and  under. 

The  glass  is  first  blown  in  the  form  of  a  globe,  and  after- 
w^rds  flatted  in  a  furnace,  in  consequence  of  which  it  has  a 
Fery  forbidding  appearance  from  the  outside,  the  suc&ce 
^iog  uneren. 

Plate-glass  is  the  most  superior  in  quality,  substance, 
and  flatness,  being  cast  in  plates,  and  polished.  The 
quantity  of  metal  it  contains,  must  be  almost,  if  not  al  - 
t<^ther,  colourless ;  that  sort  which  is  tinged  being  of  an 
inferior  quality.  Plate-glass  when  used  in  sashes,  a  pc- 
[^uliarly  magnificent ;  and  it  can  be  had  of  larger  diraen* 
lions  than  any  other  kind  of  glass. 

Stained-glass  is  of  difierent  colours,  as  red,  orange,  yel^ 
k>w,  green,  blue,  and  purple. 

These  colours  are  fixed  by  burning,  and  are  as  durable  as 
the  glass. 

Glass  can  be  bent  to  circular  sweeps,  which  is  much  used 
in  London  for  shop  windows,  and  is  carried  to  great  per-» 
fection  in  covers,  for  small  pieces  of  statuary,  &c. 

The  application  of  staineo  gUss  to  the  purposes  of  glazing 
is  called  /ret'-work.  This  description  of  work  consists  of 
working  ground  and  stained  glass,  in  fine  lead,  into  difiisrent 
patterns.  In  many  cases  family  arms  and  other  devices  are 
worked  in  it.  It  is  a  branch  capable  of  great  improvement ; 
but  at  present  is  much  n^lectea.    Old  pieces  are  very  much 
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esteemed,  though  the  same  expense  would  furnish  elegant 
modem  productions.  They  are  placed  in  halls  and  stair- 
case windows,  or  in  some  particular  church  windows.  Id 
many  instanofts  they  are  introduced  where  there  is  an  in- 
pleasant  aspect,  in  a  place  of  particular  or  genteel  resort. 

Lead*  work  is  u^  io  inferior  offices,  and  is  in  geneni 
practice  all  through  the  country.  Frames  intended  to  tc* 
ceive  these  lights  are  made  wiA  bars  across^  to  which  ik 
lights  are  fastened  by  leaden  bars,  called  saddle  bars ;  aod 
wnere  opcmings  are  wanted,  a  casement  is  introduced  eitlxr 
of  wood  or  iron.  Sometimes  a  sliding  frame  answers  tke 
same  purposes.  Church  windows  are  generally  made  in 
this  manner,  in  quarries  or  in  squares. 

The  tools  with  which  this  work  is  performed  are,  in  wi- 
dition  to  the  foregoing,  as  follow : — 

A  vice,  with  diflferent  cheeks  and  cutters,  to  turn  out  tk 
different  kinds  of  lead  as  the  magnitude  of  the  window  or 
the  squares  may  require. 

The  German  vices,  which  are  esteemed  the  best,  ve 
furnished  with  moulds,  and  turn  out  lead  in  a  Tarietj^ 
sizes.  The  bars  of  lead  cast  in  these  vices  are  received  bf 
the  mill,  which  turns  them  out  with  two  sides  paralld  to 
each  other,  and  about  |  of  an  inch  broad,  with  a  partitioi 
connecting  the  two  sides  together,  about  |  of  an  inch  widc^ 
forming  on  each  side  a  groove,  nearly  Vx  by  f  of  an  iad^ 
and  about  6  feet  long. 

Besides  a  vice  and  moulds  there  BtetLsetHng-boardyhitkr- 
kin  J  setting' knifey  resin-box  tin,  glazing-irons,  and  c£^ 

The  setting-^board  is  that  in  which  the  ridge  of  the  ligiit 
is  marked  and  divided  into  squares,  struck  out  with  a  diallc 
line,  or  drawn  with  a  lath,  which  serves  to  guide  the  work- 
men. One  side  and  end  ia  squared  with  a  projecting  bc«l 
or  fillet. 

The  latterkin  is  a  piece  of  hard  wood  pointed,  to  ron  i» 
the  groove  of  the  lead,  and  widen  it  for  the  easier  receptioi 
of  the  glass. 

The  setting'knife  consists  of  a  blade  with  a  rottod  pofDt^ 
loaded  with  lead  at  the  bottom  and  terminating  in  a  long 
square  handle.  The  square  end  of  the  handle  serves  ti 
force  the  square  of  glass  tight  in  the  lead.  All  the  into^ 
sections  are  soldered  on  both  sides,  except  the  Qfatak 
joints  of  the  outer  sides,  that  is,  where  *they  come  to  tte 
outer  edge.  These  lights  should  be  cemented  by  pooiiDf 
thin  paint  along  the  lead  bars,  and  filling  up  the.  chasms  ^tA 
dry  whiting,  to  which,  after  the  oil  m  the  paint  hasie* 


Digitized 


by  Google 


AND   MACHINIST.  680 

creted  a  little,  a  little  more  dry  whiting,  or  white  lead, 
must  be  added.  This  will  dry  hard,  aud  resist  the  action 
of  the  atmosphere. 

MEIjISURATION   OF  GLAZlSRs'  WORK* 

Glaziers'  work  is  measured  by  superficial  feet,  and  the  di- 
mensions are  taken  in  feet,  tenths,  &c.  For  this  purpose, 
their  rules  are  generally  divided  into  decimal  parts,  and 
their  dimensions  squared  according  to  decimals.  Circular, 
or  oval  windows  are  measured  as  if  thev  were  rectangular ; 
because  in  cutting  squares  of  glass  there  is  a  very  great 
waste,  and  more  time  is  expended  than  if  the  window  had 
been  of  a  rectangular  form. 


PAINTING, 

As  applied  to  purposes  of  building,  is  the  application  of 
artificial  colours,  compounded  either  with  oil  or  water,  in 
embellishing  and  preserving  wood,  &c. 

This  branch  of  painting  is  termed  economical,  and  applies, 
more  immediately  to  the  power  which  oil  and  varnishes  pos- 
sess, of  preventing  the  action  of  the  atmosphere  upon- 
wood,  iron,  and  stucco,  by  interposing  an  artificial  surface  f 
but  it  is  here  intended  to  use  the  term  more  generally,  in 
allusion  to  the  decorative  part,  and  as  it  is  employed  by 
the  architect,  throughout  every  part  of  his  work,  both  ex-, 
temally  and  internally. 

In  every  branch  of  painting  in  oil,  the  general  processes 
are  very  similar,  or  with  such  variations  only,  as  readily  oc-* 
cur  to  the  workman. 

The  first  coatings,  or  layers,  if  on  wood  or  iron,  ought  al- 
ways to  be  of  ceruse  or  white  lead,  of  the  best  quality,  pre- 
viously ground  very  fine  in  nut  or  linseed  oil,  either* over  a 
stone  with  a  muller,  or,  as  that  mode  is  too  tedious  for 
large  quantities,  passed  through  a  mill.  If  used  on  shut* 
ters^  doors,  or  wainscottings,  made  of  fir  or  deal,  it  is  very 
requisite  to  destroy  the  effects  of  the  knots ;  which  are  ge- 
nerally so  completely  saturated  with  turpentine,  as  to 
render  it,  perhaps,  one  of  the  most  difficult  processes  in 
this  business.  The  best  mode,  in  common  cases,  is,  to  pass 
a  brush  over  the  knots,  with  ceruse  ground  in  water,  bound 
by  a  size  made  of  parchment  or  glue ;  when  that  is  dry,' 
paiut  the  knots  with  white  lead  ground  in  oil,  to  which  aad. 
some  powerful  siccative^  or  dryer,  as  red  lead^  or  litharge  oL 
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lead ;  about  one-fourth  part  of  the  hitter.    These  must  be 


laid  very  smoothly  ia  the  direction  of  the  graia  of  the  ^ 

When  the  last  coat  is  dry,  smooth  it  with  pumice-atDne^ 
or  give  it  the  first  coat  of  paint,  prepared  or  diluted  with 
nut  or  linseed  oil ;  after  wnich,  when  sufficiently  dry,  aD 
the  nail- holes  or  other  irregularities  on  the  surface,  must  be 
carefully  stopped  with  a  composition  of  oil  and  Spanisk 
white,  commonly  known  by  the  name  of  putty.  The  work 
must  then  be  agun  painted  with  white  lead  and  oil,  soar* 
what  diluted  with  the  essence  of  oil  of  turpentine,  which  pii>» 
cess  should,  if  the  work  be  intended  to  be  left  of  a  |^ 
white,  or  stone  colour,  be  repeated  not  less  than  three* 
four  times ;  and  if  of  the  latter  colour,a  small  quantity  of  irm 
or  lamp-black  should  be  added.  But  if  the  work  b  to  be 
finished  of  any  other  colour,  either  grey,  green,  &c.  s 
will  be  requisite  to  provide  for  such  colour,  after  the  thvi 
oi)eration,  particularly  if  it  is  to  be  finished  flat,  or,  as  tk 
jMuuters  style  it,  dead  white,  grey,  fawn,  &c.  In  order  to 
finish  the  work  flatted  or  dead,  which  b  a  mode  much  to  be 
preferred  for  all  superior  works,  not  only  for  its  appear- 
ance, but  also  for  preserving  the  colour  and  purity  of  tbe 
tint,  one  coat  of  the  flatted  colour,  or  colour  mixed  op 
with  a  considerable  quantity  of  turpentine,  will  be  fomid 
sufficient ;  although  in  large  snrfoces  it  will  frequendy  be 
recjuisite  to  give  two  eoats  of  the  flatting  colour,  to  midce  't 
qmte  complete,  indeed,  on  stucco  it  mil  be  almost  a  ge- 
neral rule. 

In  all  the  foregoing  operations,  it  must  be  observed  tbat, 
some  sort  of  dryer  is  absolutely  requbite ;  a  very  generil 
and  useful  one  b  made  by  grinding  in  linseed,  or,  perhaps, 
prepared  oils  boiled  are  better,  about  two  parts  of  the  best 
white  copperas,  which  must  be  well  dried  with  one  part  of 
litharge  of  lead  :  tbe  quantity  to  be  added,  will  much  de* 
pend  on  tbe  dryness  or  humiditv  of  the  atmosphere,  at  tbe 
time  of  painting,  as  well  as  the  local  situation  of  the  build- 
ing. It  may  here  be  noticed,  that  there  b  a  sort  of  cop- 
peras made  in  England,  and  said  to  be  used  for  some  pu^ 
poses  in  medicine,  that  not  only  does  not  assbt  the  opera- 
tion of  drying  in  the  colours,  but  absolutely  prevents  those 
colours  drying,  which  would  otherwise  have  done  so  in 
the  absence  of  this  copperas. 

The  best  dryer  for  all  fine  whites,  and  other  delicate  tints, 
b  sugar  of  lead,  ground  in  nut  oil,  but  bein^  very  active^  i 
small  quantity,  about  the  size  of  a  walnut,  will  be  suflicicot 
for  twenty  pounds  of  colour,  when  the  basis  b  white  lc«l. 
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It  will  be  always  necessary  to  caution  painters  to  keep  their 
utensils,  brushes,  &c.  very  clean,  as  the  colour  would  other- 
wise soon  become  very  foul,  so  as  to  destroy  the  surface  of 
the  work.  If  this  should  happen,  the  colour  must  be  pass- 
ed through  a  fine  sieve,  or  canvass,  and  the  surface  or  the 
work  be  carefully  rubbed  down  with  sand-paper,  or  pumice- 
stone  :  the  latter  should  be  ground  in  water,  if  the  paint  be 
tender,  or  recently  laid  on«  The  above  majr  suffice  as  to 
painting  on  wood,  either  on  inside  or  outside  .work,  the 
rormer  Deing  seldom  finished  otherwise  than  in  oil :  four  or 
five  coats  are  generally  sufficient. 

It  does  not  appear  uiat  painting  in  oil  can  be  serviceable 
in  stucco,  unless  the  walls  have  been  erected  a  sufficient 
time  to  permit  the  mass  of  brick-work  to  have  acquired  a 
sufficient  degree  of  dryness.  When  stucco  is  on  battened 
(voirk,  it  ma^  be  painted  over  much  sooner  than  when  pre- 
)ared  on  bnck.  Indeed,  the  greatest  part  of  the  art  of 
>aintiug  stucco,  so  as  to  stand  or  wear  well,  consists  in  at- 
endin^  to  these  observations,  for  whoever  has  observed  the 
expansive  power  of  water,  not  only  in  congelation,  but  also 
Q  evi4>oration,  must  be  well  aware  that  when  it  meets  with 
ny  foreign  body,  obstructing  its  escape,  as  oil  painting,  for 
DStance,  it  immediately  resists  it,  forming  a  number  of 
esicles  or  particles,  containing  an  acrid  lime-water,  which 
[>rces  off  the  layers  of  plaster,  and  frequently  causes  large 
efective  patches,  not  easily  to  be  eradicated. 

Porbaps,  in  general  cases,  where  persons  are  building  on 
beir  own  estates,  or  for  themselves,  two  or  three  years  are 
ot  too  long  to  suffer  the  stucco  to  remain  unpainted, 
lough  frequently,  in  speculative  works,  as.  many  weeks  are 
:iiroely  allowed  to  pass. 

The  forq;(Hng  precautions  bein^  attended  to,  there  can  be 
o  better  mode  adopted  for  priming,  or  laying  on  the  first 
>at  on  stucco,  than  by  linseed  or  nut-oil,  boiled  with  dry-* 
-8^  as  before  mentioned ;  taking  care,  in  all  cases,  not  to 
y  on  too  much,  so  as  to  render  the  surface  rough  and  irre- 
ilar^  and  not  more  than  the  stucco  will  absorb.  It  should 
leo  be  covered  with  three  or  four  coats  of  white- lead,  pre- 
ired  as  described  for  painting  oa  wainscotting,  alfow- 
\g  each  coat  a  sufficient  time  to  dry  hard.  If  time  will 
;niiit,  two  or  three  days  between  each  hnyer,  will  be  ad- 
inta^Ds.  When  the  stucco  ia  intended  to  be  finished  in 
ly  givea  tint,  fl^  grey,  light  green,  &c.  it  will  then  be  pro- 
tr^  about  the  third  coat  of  painting,  to  prepare  the  ground 
r  such  tint,  by  a  slight  advance  towards  it.     Grey  is  made 
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with  white* lead,  Prutsian-blae^  ivory-black,  and  lake;  8ag^ 
green,  pea,  and  sea-greens,  with  white,  Prussian-bhe, uid 
fine  yellows;  apricot  and  peach,  with  lake^  white,  and 
Chinese  vermilion ;  fine  yellow  fawn  colour  with  bunt 
terra  sienna,  or  umber  and  white;  and olive*greaa8 with  fined 
Prussian-blues,  and  Oxfordshire  ochre. 

Distemper,  or  painting  in  water  colours,  mixed  vtt 
size,  stucco,  or  plaster^  which  is  intended  to  be  paiiRedk 
oil  when  finished,  but  not  being  sufficiently  dry  to  lecen 
the  oil,  may  have  a  coating  in  water  colours^  of  any  gim 
tint  required,  in  order  to  give  a  more  finished  a{^;)earu€etD 
that  part  of  the  building.  Straw  colours  may  be  madevii 
French  whites  and  ceruse,  or  white  lead  and  masticot,  ff 
Dutch  pink.  Greys,  foil,  with  some  whites  and  refioo^ 
verditer.  An  inferior  grey  may  be  made  with  bloe-lM 
or  bone-black  and  indigo.  Pea-greens  with  Frendi  gno, 
Olympian  green^  &c.  Fawn-colour  with  burnt  tern  A 
sienna,  or  burnt  umber  and  white,  and  so  of  any  iuterse 
diate  tint.  The  colours  should  all  be  ground  very  6aitjtd 
mixed  with  whiting  and  a  size  made  with  paiicnnieil,  or 
some  similar  substance.  Less  than  two  coats  will  not  h 
sufficient  to  cover  the  plaster,  and  bear  out  with  anuoifccB 
appearance.  It  must  be  recollected^  tiiat  when  the  M» 
is  sufficiently  dry,  and  it  is  desirable  to  have  it  paurted  k 
oil,  the  whole  of  the  water-colours  ought  to  be  removed^ 
which  may  easily  be  dcme  by  wadmig,  and  wiien  qoite  <k^ 
proceed  with  it  after  the  direction  given  on  oil-pamtlBg  is 
stucco. 

If  old  plastering  has  become  disfigured  by  stains,  eretkr 
blemishes,  and  it  be  desired  to  have  it  painted  in  <fi«M- 
per,  it  is,  in  this  case^  advisable  to  give  the  cid  plasterifl^ 
when  properly  cleaned  off  and  prepared,  one  coi^  atktit. 
of  white-lead  ground  in  oil,  and  used  with  spirits  <^  tv- 
pentine,  which  will  generally  fix  oM  stams ;  and^  whea  ^ 
dry,  take  water-colours  very  kindly. 

MENSURATION  OF   PAaNXXAs'  WOEK* 

Painters*  work  is  fueasaoed  b^  tke  yard  sqmre,  mi  ^ 
dimensions  are  taken  in  feet,  inches^  wd  tenths.  Bw! 
part  which  the  bmsh  has  fiaawdd  over  is  vieasiBed,  essr 
quently  the  diinenstoi»  must  be  •taieen  with  a  line,  tbit  gstt 
0ver  the  mouldings,  breidcs,  &c.  AM  kinds  of  omatt^ 
work  produces  an  extra  price^  according  to  the  natae^ 
ihe  imitations,  &€.  Carved  work  is  also  valued  aoeofdJo; 
to  the  time  taken  in  pakitiiq;  it 
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RAIL-ROADS 


LOCOMOTIVE  ENGINES. 


Amidst  the  various  speculations  of  the  day,  perhaps  none 
have  more  deserved!;^  Jexcited  the  public  interest  than  that 
of  the  numerous  projected  lines  of  rail-road  for  diminish- 
ing the  friction  of  carriages,  and  for  propelling  carriages  on 
them  by  either  gas  or  steam  power* 

The  lessening  the  friction,  produces  a  consequent  diminu- 
tion in  the  power  which  otherwise  would  be  required  to 
propel  a  given  weight ;  and  therefore,  is,  in  a  commercial 
Qatu>n,  like  that  of  the  united  kingdom,  a  subject  worthy  of 
the  hu^hest  consideration. 

Railways  were  orig^nallv  made  of  wood,  and  appear  to 
liave  been  first  introduced  between  the  river  T^ne  and  some 
)f  the  princiiial  coal-pits,  as  early  as  the  year  1680.  The 
K^arcity  of  this  matenal,  and  the  expense  of  frequent  re- 
>air8,  soon  suggested  an  idea  that  iron  might  be  more 
idvanta^nsly  employed*  At  firsts  flat  rods  of  bar-iron 
vere  nailed  upon  the  original  wooden  rails^  or,  as  they  were 
echnically  called,  sleepers;  which,  though  an  expensive 
irocess,  was  found  to  be  a  great  improvement.  But  as  the 
vood  on  which  these  rested  was  liable  to  rot  and  give  wav, 
bese  railings  were  soon  after  superseded  by  others  made 
iDtirely  ofiron. 

These  tram  or  rail-roads  have,  for  a  considerable  length 
f  time,  been  much  used  in  the  colliery  and  mining  districts; 
nd  some  few  have  beoi  carried  from  one  town  or  manufac- 
oiing  district  to  another.  The  principal  of  these  latter  in 
iDgland  and  Wales  are,  the  Cardiff  and  Merthvr,  26|  miles 
3ng,  running  near  the  Olamorganshure  canal ;  the  C!aer- 
larUien ;  the  Lexhowiy,  28  miles,  in  the  counties  of  Moii-> 
louth  and  Brecknock ;  the  Surrey  26  miles ;  the  Swansea, 
1  miles ;  one  between  Gloucester  and  Cheltenham ;  besides 
sveral  in  the  north  of  England. 

Railways  are  of  two  kinds,  arising  from  the  disposition  of 
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the  flanch  that  is  to  guide  the  wheels  of  the  c&rrii^  tad 
prevent  it  from  ruDning  off  the  rail.  lu  the  one,  the  flaadi 
18  at  right  angles^  and  of  one  piece  wiUi  the  fiat  snrGuxof 
the  rail :  in  the  other^  the  flat  surface  of  the  rail  is  raised 
above  the  level  of  the  ground^  and  the  flanch  is  fixed  on  the 
wheel  of  the  carriage,  at  right  angles  to  the  tyre,  or  ira 
placed  on  the  drcmnference  of  the  wheel,  to  strengtheo  k. 
Beside  these,  another  kind  of  railway  has  lately  be^  intn- 
duccd  by  Mr.  Palmer,  which  consists  of  a  single  rail,  sup- 
ported some  height  from  the  surface  of  the  ground :  on  tfa^ 
two  wheels  confined  in  sufficient  frame-work,  are  placed, 
suspending  the  load  equally  balanced  on  either  side.  lUs 
arrangement  certainly  seems  to  ensure  the  grand  priDci]de 
of  lessening  friction,  and  doubtless  will,  in  many  situadoii, 
be  found  a  great  improvement. 

Previously  to  entering  upon  the  probable  advantages  Ela- 
]y  to  result  from  a  getieral  introduction  of  railways,  ir 
snail  give  the  substance  of  the  specification  of  a  patent,  (^ 
tained  in  Sept.  1816,  by  Messrs.  Losh  and  Stephenson,  boA 
of  whom  are  well  known  to  those  interested  in  the  subjed 

These  gentlemen  preface  a  description  of  their  method  of 
facilitatmg  carriages  along  tram  and  railways,  with  an  ob- 
servation, that  there  are  two  kinds  of  railways  in  genml 
use ;  the  one  consisting  of  bars  of  cast  iron,  genmllrof 
the  shape  of  that  described  by  a,  fig.631 ,  the  other  of  *tk 
shape  of  that  described  by  figs.  630  and  631.  That  shewn  ats, 
fig.  629,  is  known  in  difierent  situations  by  the  denomisft- 
tion  of  the  edge  rail,  round-top  rail,  fish-backed  rail,  && 
That  shewn  at  figs.  632  and  633,  by  the  denomination  of 
the  plate-rail,  tram-way  plate,  barrow-way  plate,  &c.  Tk 
first  we  shall  distinguish  by  the  name  of  the  edge  lailw^f  i 
the  second,  by  that  of  the  plate  railway. 

In  the  construction  of  edge  railways,  Messrs.  Losh  an) 
Stephenson's  objects  are,  first,  to  fix  both  the  ends  of  & 
rails,  or  separate  pieces,  of  which  the  ways  are  formed, 
immovable,  in  or  upon  the  chairs  or  props  by  idiich  tbej 
are  supported ;  secondly,  to  place  them  in  such  a  manner,' 
that  the  end  of  any  one  rail  shall  not  project  above  or  M 
below  the  correspondent  end  of  that  with  which  it  is  in  aw 
tact,  or  with  which  it  is  joinied ;  thirdly,  to  fonu  the  join- 
ings of  the  rails,  with  the  pedestals  or  props  which  support 
them,  in  such  a  manner,  that  if  these  props  should  nrj 
from  their  perpendicular  position  in  the  line  of  the  wq't 
(which  in  other  railways  is  often  the  case)  the  joinings  of 
the  rails  with  each  other  would  remain  as  before  such  fsria- 
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ioo^  and  so  that  the  rails  shall  bear  npon  the  props  as  firm- 
y  as  before.  The  formation  of  the  rails  or  plates  of  which 
I  plate  railway  consists^  being  different  from  the  rails  of 
enicb  the  edge  railways  are  composed^  they  are  obliged  to 
kdopt  a  different  manner  pf  joining  them^  both  with  each 
>ther,  and  with  the  props  and  sleepers  on  which  they  rest, 
iut  in  the  ioining  these  rails  or  plates  upon  their  chairs  and 
ileepers,  they  fix  them  down  immovwly,  and  in  such  a 
nanner  that  the  end  of  one  rail  or  plate  does  not  project 
ibove^  or  fall  below  the  end  of  the  adjoining  plate^  so  as  to 
)resent  an  obstacle^  or  cause  a  shock  to  the  wheels  of  the 
wrriages  which  pass  over  them^  and  they  also  form  the 
oiaings  of  these  rails  or  plates  in  such  a  manner  as  to  pre- 
rent  tne  possibility  of  the  nails,  which  are  employed  in 
izing  them  in  their  chairs,  from  starting  out  of  then*  places 
h>m  the  vibration  of  the  plates,  or  fix>m  other  causes. 

In  what  relates  to  the  locomotive  engines  and  their  car* 
iagcs,  which  may  be  employed  for  conveying  goods  or 
naterials  alone  e^ge  railways  or  plate-railways,  or  for 
>ropellinff  or  drawing  after  them  the  carriages  or  waggons 
employed  for  that  purpose,  their  invention  consists  in  sus- 
aining  the  weijo^ht,  or  a  proportion  of  the  weight,  of  the 
tngioe,  npon  pistons,  movable  within  cylinders,  into  which 
he  steam  or  the  water  of  the  boiler  is  allowed  to  enter,  in 
)rder  to  press  upon  such  pistons ;  and  which  pistons  are,  by 
he  intervention  of  certain  levers  and  connecting  rods,  or 
>y  any  other  effective  contrivance,  made  to  bear  upon  the 
Lxles  of  the  wheels  of  the  carriage  upon  which  the  engine 
"csts.  In  the  formation  of  the  wheels  it  is  their  object  to 
instruct  them  in  such  a  manner,  and  to  form  them  of  such 
naterials,  as  shall  make  them  more  durable  and  less  ex- 
lensive  in  the  repairs  than  those  hitherto  in  usct  Thia  is 
kcoomplished  by  forming  the  wheels  either  with  spokes  ef 
naUeaole  iron,  and  with  cast  iron  rims,  or  by  malung  the 
irfaeels  and  spokes  of  cast  iron,  with  hoops,  tyres,  or  trods^ 
>f  mdleable  iron,  and  in  some  instances,  particularly  for 
wheels  of  very  small  diameters,  instead  of  spokes  of  mdlea-* 
>le  iron,  employing  .plates  of  malleable  iron,  to  form  the 
onction  between  &e  naves  and  the  cast  iron  rinia  of  the 
vfa^els. 

The  advantages  guned  by  this  method  of  constructing 
ail  ways  are,  first,  that  the  separate  pieces  of  which  they 
consist  are,  aeteris  paribus,  rendered  by  this  mode  of  joining 
hem,  capable  of  sustaining  a  much  heavier  pressure  than 
hose  which  are  joined  in  the  usual  way.  Secondly,  by  this 
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mode  of  joining  the  rails^  they  remove  the  liability  to  wfaidi 
rails  joined  in  the  usual  plan^  (where  the  end  of  one  rail  is 
seldom  in  the  same  plane  with  the  correspondent  end  of  tiie 
next)  are  exposed^  of  receiving  blows  and  shocks  from  ^ 
carriages  which  move  over  them,  and  to  whidi  blows  aod 
shocks  the  great  breakage  which  often  ocoars  in  railwi^ 
when  not  made  of  enormous  weight,  may  generally  be  re- 
ferred ;  and  as  action  and  re-action  are  mutual  and  ooo- 
trary,  if  they  prevent  the  communication  of  shocks  to  tk 
rails,  they  at  the  same  time  preserve  the  wheels,  the  or- 
riaecs,  and  engines  which  move  over  them,  from  the  tt- 
actton  which  is  often  destructive  to  them.  As  the  centre  d 
gravity  in  a  loaded  coal-*waggon  is,  from  its  shape,  iB«k 
elevated,  there  is  generally  a  great  ^aste  of  coal  from  Ik 
shaking  of  the  waggons,  to  which  that  circumstimce  (^ 
position  of  the  centre  of  gravity)  makes  them  more  Balk 
when  they  encounter  obstacles,  as  they  do  at  die  jUBctkiD 
of  almost  every  two  rails  on  the  common  railways.  Oi 
Losh  and  Stephenson's  railways,  the  loss  tlms  arisii^  % 
if  not  entirely  prevented,  at  least  considerably  diminished, 
by  the  steady  and  regular  motion  of  the  waggons.  Tlr 
usual  method  of  fixing  down  the  plates,  of  which  the  plate 
railways  employed  in  coal-mines,  and  there  called  Xtm 
and  roUey-ways,  are  formed,  is  by  a  single  nail,  neaily  ^ 
each  end  of  each  plate ;  which  nmi  passes  through  a  hole  is 
the  plate,  and  fixes  it  to  a  sleeper  of  wo#d.  Tliese  naiK 
from  the  vibration  of  the  plate,  or  the  motion  of  the  sleeper, 
or  some  other  cause,  generally  very  soon  start  up,  and  coe- 
sequently  the  plates  work  loose,  *and  very  frequently  tk 
nails  come  entirely  out.  The  delay  of  work,  the  breakae? 
of  plates,  wheels,  &c.  and  the  injury  which  the  honei  it- 
ceive  from  the  loose  nails  which  result  from  the  modecf 
fixing  the  plate  railways,  are  generally  complained  of,  lal 
therefore  the  advantages  of  a  plan  which  will  remove  these 
inconveniences  must  be  apparent. 

When  locomotive  steam-engines  are  employed  as  tk 
moving  or  propelling  power  on  rulwavs,  these  "gendeffio 
have,  from  much  practice,  found  it  of  the  utmost  impor- 
tance^ that  thev  should  move  steadily,  and  as  free  as  poes* 
ble  from  shocks  or  vibrations,  which  have  the  eflfect  ^ 
deranging  the  working  parts  of  the  machinery,  and  lessenine 
their  power.  It  is  therefore  to  produce  that  steadiness  A 
motion,  and  to  prevent  the  engines  from  receiving  shocbi 
and  to  preserve  their  equilibrium,  that  they  employ  tb? 
loatiug  pistons,  which,  acting  on  an  elastic  fluid,  prodoct 


Digitized 


by  Google 


AND  MACHINIST.  647 

the  desired  effect  with  much  more  accmncy  than  could  be 
obtained  by  employing  the  finest  sj^ngs  of  steel  to  suspend 
the  engine.  The  wheels  which  are  constructed  on  this  plan 
will  be  founds  when  compared  with  those  already  in  use 
(the  weights  of  both  being  equal)  to  be  more  durable ;  for 
the  arms,  when  made  of  malleable  iron,  being  infinitely 
less  liable  to  be  broken  by  shocks  or  concussions,  than 
those  of  cast  iron,  may  be  of  less  weight,  and.  in  fewer 
numbers,  so  that  the  excess  of  weight  of  the  extra  arms  of 
the  cast  iron  wheels  may  be  appli^  on  the  rims  of  these 
wheels,  and  thus  add  to  the  substance  of  that  part  which 
alone  suffers  firom  the  firiction  of  the  rails.  The  rims  of 
wheels  thus  constructed,  can  also  be  case-hardened  without 
risk  of  breddng,  either  in  cooling  or  afterwards,  which  is 
not  the  case  when  wheels  are  cast  in  one  piece.  The  ad- 
vantage of  hooping  cast  iron  wheels  with  malleable  iron 
tyres  or  trods,  is,  that  when  such  tyres  or  trods  are  worn 
through^  they  can  very  easily  be  replaced  at  a  small  expense, 
and  thai  the  tyre,  which  is  not  liable  to  break,  receiving 
the  shocks  from  the  redaction  of  the  rails,  preserves  the 
cast-iron  wheel,  by  considerably  lessening  the  effect  of  such 
shocks  on  the  cast  metal. 

As  it  is  perhaps  impossible  to  cast  the  bars  or  plates  of 
metal  of  which  nulways  and  plate-ways  are  composed  per- 
fectly straight,  and  correctly  even  and  smooth  on  their  sur* 
&ces,  and  equally  difficult  to  fit  the  joints  with  mathema- 
tical accnracy,  the  wheels  of  the  engmes  and  waggons  will 
always  hove  some  inequalities  and  obstacles  to  encounter. 
From  .these  circumstances,  therefore,  Messrs.  Losh  and 
Stephenson  are  induced  to  employ  the  improvements  which 
they  have  made  in  the  constructiou  of  the  locomotive  en- 
gine, and  in  the  wheels  of  carriages  upon  edge  I'uilways 
and  plate  ndlways,  constructed  according  to  their  own 
plans  I  but  it  is  apparent  that  their  adoption  on  the  rail  and 
plate-ways  on  the  usual  constructiouj  is  of  still  more  im« 
portance. 

They  therefore  claim  as  a  method  of  facilitating^  the  con- 
vevance  of  goods^  and  all  manner  of  materials  alon^  edge 
railways  or  plate  railways^  the  use  of  any  of  the  plans 
they  hare  described  singly,  as  well  as  the  whole  of  them 
collectively.  They  have  no  hesitation  in  saving,  that  on  a 
railway  constructed  on  their  plan,  and  with  a  locomotive 
engiue  and  carriage-wheels  on  thdr  principle,  the  expe- 
dition with  which  goods  can  be  conveyed  with  safety,  will 
be  increased  to  nearly  double  the  rate  with  which  they  are 
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at  present  nsuaUy  taken  along  nulwajrsj  and  with  ten 
interruption  from  the  breakage  of  wheels^  nils,  &c.  dm 
at  present  occurs^  and  with  roach  less  injury  to  the  woik- 
ing  parts  of  the  engine* 

In  order  that  their  specification  m«y  be  more  dearlyiB- 
derstood^  we  have  annexed  a  schedule  of  drawings, 

Fift,  699  represents  a  longitudinal  view  of  the  locomotiTe  engutf  • 
the  edge  railway,  a  a  a,  are  the  cylinders  containing'  the  floating  pistfli 
6  b;  which  are  more  fully  described  in  the  next  igure. 

Fig.  690  represents  a  cross  section  of  Fig.  629*  al  Hie  middle  c^ 
ders  at  a;  b  h  Are  the  floating  pistons*  connected  with  the  wrought  wm 
rods  e  e,  the  ends  of  which  rest  upon  the  bearing  brasses  of  the  axkiiC 
the  wheels  d  d,  Tliese  pistons  press  eaually  on  all  the  axles,  and  cssk 
each  of  the  wheels  to  press  with  an  e<^nal  stress  upon  Uie  rails,  and  to  srt 
noon  Uiem  with  an  equal  dmree  of  friction,  ahhou^  the  raila  thanU  itf 
aU  be  in  the  same  plane,  for  the  bearing  brasses  have  the  Ebevtytf 
movine-  in  a  perpenoicular  direction  in  a  gwove  or  slide,  and,  canw 
the  axles  and  wheels  along  with  them,  force  the  wheels  to  aocomaom 
themselves  to  the  inequalities  of  the  rail-way. 

Fig.  634^  is  a  view  of  the  wheel,  with  wrought  ifon  arms,  m  ««««i 
show  how  the  arms  are  cast  in  the  nave  b  b,  and  dropped  into  the  nortBt 
holes  cccoec  in  the  rim,  which  are  dovetailed,  to  suit  the  doretaiU 
ends  of  the  arms  ddd  ddd.  The  arms  are  heated  red  hot  prenooslj  to 
dropping  them  into  the  holes,  in  order  to  cause  them  to  extend  ioffdentlf 
for  that  purpose,  for  when  cold  they  are  too  short  In  dmnr  this  thrf 
take  advantage  of  iJM  quality  whiih  iron  possesses  of  expanmng  on  tk 
Implication  of  heat,  and  of  contracting  again  to  its  former  dunensiottiM 
cooling  down  to  the  same  temperature  from  which  it  was  raised;  Ik 
arms,  therefore,  on  cooling  are  drawn  with  a  force  sufficient  to  prodace  a 
degree  of  combination  between  their  dovetailed  ends  and  the  mortises  d 
the  rim,  Which  prevents  the  possibility  of  their  woridnf  loose ;  Ihey  art 
afterwuds  keyed  np ;  the  mortise  holes  are  also  dovetailed,  from  the  tid 
side  of  the  wheel  (a  a,  fig.  635)  to  the  crease  side  (6  6,  on  tiie  saai 
figure). 

Fig  686^  is  a  cross  section  through  the  centre  of  the  wbeel,  witt 
wrought  iron  arms. 

Fig.  636  is  an  end  view  of  Fir.  685. 

Fig.  637  represents  a  view  of  their  edge  railway ;  shewing  a  rail  «• 
connected  with  the  two  adjoining  rails,  the  ends  or  which  are  shewn  hj 
b  bf  and  also  with  the  props  or  pedestals  on  which  they  rest,  d  d  shew 
&e  metal  chairs,  and  c  c  Uie  stone  supports.  The  joints  e  e  are  nads  If 
the  ends  of  the  rails  being  applied  to  each  other  by  what  it  denonaalsl 
a  half  lap,  and  the  pin  or  bolt  g^  which  fixes  them  to  each  other,  asid  Is 
the  chair  hi  which  they  are  inserted,  is  made  to  fit  exactiy  a  hc^  whirls 
drilled  through  the  chur,  and  both  ends  of  the  rails  at  siidi  a  hdght  as  Is 
allow  both  ends  of  the  rails  to  bear  on  the  chair,  and  the  bearaacebeiar 
the  apex  of  a  curve,  they  bo^  bear  at  the  same  point.  Thoa  the  enisi 
one  rail  cannot  rise  above  that  of  the  adjoining  one;  for  ahhoogh  ths 
ehair  may  move  on  tiie  pin  in  the  direction  of  the  line  of  the  road,  jH  tk 
rails  will  still  rest  upon  the  curved  suHace  of  their  bearance  withoat 
moving. 

Fig.  638  is  a  cross  section  of  their  edge  railway  through  the  maUk  d 
one  of  the  chairs  a,  and  across  the  ends  of  the  two  adjoining  rails  edisi 
the  pin  e  ;  fh  tlie  Rtone  support  or  sleeper. 
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Fijf.  6S9  is  a  cross  teeiion  of  a  rail  a»  at  tbe  centre*  and  siioirs  the  car* 
riaffe  e  beliind. 

Fie.  640  is  a  plan  of  the  rail-wav  descrihed  at  fi^.  637,  shewing^  the 
half  lap  joinings  of  the  rails  c  c,  placed  in  their  camag'es  d  d. 

Fig.  641  is  a  yiew  of  the  cast  iron  wheel  with  the  malleable  iron  tjre. 
This  wheel  is  made  with  cunred  spokes,  as  shewn  at  aaaaaaaaaa»  in 
the  fieure»  and  with  a  slit  or  aperture  in  the  rim,  shewn  at  b,  into  wUch 
a  kej  18  inserted.  The  reason  of  this  is,  that  on  the  application  of  the 
hot  tyre  the  cast  metal  expands  unequally,  and  the  rim  is  liable  to  be 
cracked,  and  the  arms  drawn  off,  unless  the  first  is  previously  slit  or 
opened,  and  the  latter  curred,  which  allows  them  to  accommodate  them- 
selves to  the  increased  diameter  of  the  wheel ;  by  this  formation  of  the 
wrheel  the  tyre  might  be  forced  on  when  cold,  and  keyed  up  afterwards. 

Fig.  649  is  a  cross  section  of  ty;.  641,  throagh  the  centre,  a  a  show 
the  tyre,  bhhh  show  the  metal  rim.  This  cast  metal  rim  is  dovetailed ; 
80  tliat  when  the  tyre,  which  is  dovetailed  to  suit  it^  is  put  on  hot,  it  con- 
tracts and  applies  itself  to  the  rim  with  a  degree  of  adhesion  which  pre- 
vents its  coming  off  from  the  motion  of  the  wheel  on  the  rail- way.  This 
wheel  is  of  the  form  to  suit  an  edge  railway,  and  to  make  it  answer  for 
a  plate  rail  it  only  requires  the  rim  to  be  round  or  flat. 

Fig.  648  is  an  end  view  of  fig.  641,  without  the  malleable  iron  tyre. 

Fig.  644  represents  a  view  of  a  rolley  or  tram-wheel,  calculated  to 
move  upon  a  plate  railway,  maa  a  show  the  malleable  iron  arms, 
fastenea  to  the  projections  bbbb,  on  the  inside  of  the  rim  c  c c,  by  the 
holts  d  d  dd. 

Fig.  645  is  a  cross  section  of  ^g'  644,  through  the  centre  of  the  wheel, 
a  a  show  the  arms,  c  e  the  rim,  d  a  the  bolts. 

Fig.  646  represents  a  view  of  a  rolley  or  tram-wheel,  with  a  plate  of 
malleable  iron  a  a  «  a,  to  form  the  junction  between  the  nave  b  b  and  the 
ca»t  metal  rim  ccce. 

Fig.  647  is  a  cross  section  of  fig.  6i6.  m  a  show  the  plate  upon  which 
the  nave  bbw  cast,  e e show  the  cast  iron  rim  which  Is  cast  upon  the 
plate,  the  edges  of  which  plate  are  previously  covered  with  a  thin  coating 
of  loam  and  charcoal  dust,  or  other  fit  8u|)stance,  to  prevent  the  too  inti- 
mate adhesion  between  the  iron  plate  and  metal  rim,  so  that  if  the  rim 
should  break,  it  can  easily  be  taken  off  and  replaced  by  easting  another 
on  the  plate. 

Fig.  648  represents  the  plate  railway  on  their  plan.  At  the  end  of 
each  plat<t  are  projections  a  a  a  a,  to  fit  into  the  dovetail  carriage  b  b,  and 
at  each  end  of  each  plate  are  projections  or  tenons  ccee,  which  fall  into 
the  mortise  hole  (d,  in  Fig8.-649  and  650)  in  the  carriage  b  b,  and  secure 
the  rail  from  an  end  motion ;  and  when  the  pin  or  key  e  is  driven  into  its 
place,  it  secures  the  phites  from  rising,  thus  they  are  fixed  immovable 
in  their  carriages. 

Fig.  649  is  a  front  view  of  fig.  648. 

Fig.  650  is  a  plan  of  the  carriage,  in  which  a  a  show  the  nail  holes 
through  which  tne  nails  are  driven,  to  secure  it  to  the  sleeper.  When 
the  rails  are  laid  in  this  carriage,  and  secured  by  the  pin  or  key,  they 
keep  these  nails  firom  starting  up  by  resting  upon  them. 

Fig.  651  is  a  cross  section  of  the  carriage,  and  the  end  of  one  of  the 
plate  rails. 

Fig.  629*  shews  a  nul  of  the  common  way,  inclining  out  of  the  horizon- 
tal position,  as  they  very  often  do  from  the  yielmng  of  the  props  or 
pedestals,  and  of  course  a  shock  is  sustained  by  the  waggons  in  passing 
the  joining  to  the  next  rail. 
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The  ease  with  vi^ch  cast-iron  can  be  made  into  any  re- 
quired shape  has  till  very  recently  givea  to  rails  of  thit 
material  a  decided  superiority  over  those  of  malleable-iron. 
But  the  brittlenesa  ot  the  former  renders  such  rails  very 
liable  to  be  broken^  unless^  indeed^  they  be  of  such  sub- 
stance as  will  resist  the  effects  of  the  blows  or  shocks  lo 
which  the^  are  exposed,  and  which  will  require  them  to 
be  of  considerably  greater  we^ht  than  otherwise  would  be 
necessary.  To  obviate  this,  num^^^oos  eraerimenis  hue 
been  made  with  a  view  to  substitute  malleable-iron  for  eutr 
ron  rails. 

Rails  of  malleable-iron  appear  to  have  been  first  used^ 
Lord  Carlisle's  works,  at'nndal  Fell,  in  Cumberland,  aboit 
the  year  1808;  and  though  found  there,  and  also  at  tm 
or  three  other  places  at  which  thev  were  tried,  to  be  t 
saving  in  the  first  cost,  and  much  less  liable  to  acddei^ 
they  have  not  till  very  lately  been  much  used.  In  fact,  it 
was  not  till  some  time  after  Mr.  Birkinshaw,  of  the  Bed- 
lington  Iron  Works,  had  obtained  a  patent  for  malieabie- 
iron  rails  of  a  new  and  improved  construction,  that  raib  if 
this  material  came  into  competition  with  the  cast-iron  ia& 

The  form  of  the  malleable-iron  rails  previously  to  tlui 
was  that  of  a  parallelopipedon ;  which  was  liable  to  two 
objections,  either  that  the  narrowness  of  the  surfaces,  whci 
compared  to  the  breadth  of  the  rim  of  the  carriage  wbeei, 
was  so  considerable  afi  to  expose  both  the  wheel  and  the  ia3 
to  great  injury  from  wear  5  or,  if  the  breadth  of  the  nfl 
was  increased  to  remove  this  objection,  the  weight  of  the 
rail  would  make  the  cost  amount  to  almost  a  prohibition  of 
its  use. 

Mr.  Birkinshaw  obtained  his  patent  in  October  1820; 
and  the  improvement  consisted  in  making  the  rails  in  Ae 
form  of  prisms,  though  their  sides  need  not  of  necessi^  be 
flat.  The  upper  surface,  on  which  the  wheel  of  the  carnage 
is  to  run,  is  slightly  convex,  in  order  to  reduce  the  firictioD ; 
and  the  under  part,  which  rests  on  the  supporting  bfedo^ 
chains,  rests,  standards,  or  pedestals,  is  mounted  upon  the 
sleeper.  The  wedge  form  is  proposed,  because  the  strengft 
of  the  ndl  is  always  in  proportion  to  the  square  of  its 
breadth  and  depth.  Hence  this  form  possesses  all  the  strei^ 
of  a  cube  eqiiu  to  its  square,  with  only  half  tiie  quantity  of 
metal,  and  consequenUy  half  the  cost  of  the  former  nil 
Sufficient  strength,  however,  may  be  still  retained,  and  tiie 
weight  of  metal  farther  reduced,  by  for^ning  the  bars  with 
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concave  sides,  which  is  the  form  of  rail  the  patentqedecidedly 
I>refer8,  although  the  prism  or  wedge  form,  in  au  its  varie- 
ties, is  the  principle  upon  whidi  his  patent-right  is  founded. 

The  moae  of  making  these  wedge^formed  rails  of  mallea- 
ble-iron is,  by  passing  bars  of  iron,  when  heated,  through 
rollers,  having  grooves  or  indentations  cut  upon  their  peri- 
pheries, agreeably  to  the  intended  shape  of  the  bar  to  be 
produced.  But,  though  the  patentee  recommends,  and 
adopts  this  mode  as  the  most  eligible  means  of  producing 
these  rails,  he  claims  the  exclusive  right  of  manufacturing 
and  rendering  the  wedge-formed  bars  or  rails  of  any  length, 
for  the  purpose  of  forming  or  constructing  rail-roads. 

The  advantages  derived  from  this  meth<Ml  of  constructing 
railways  may  be  as  follows  : —  : 

1st.  The  original  cost  of  a  malleable-iron  railway  is  less 
than  a  cast-iron  railway  of  equal  strength. 

2dly.  As  the  rails  can  be  made  in  the  lengths  of  9,12,15, 
or  18  feet  each,  and  even  longer  when  required,  the  number 
of  joints  is  hereby  reduced ;  and  thus  is  removed,  in  a  great 
measure,  the  liability  to  which  the  short  rails  now  in  use 
are  exposed,  of  receiving  blows  and  shocks  from  the  car- 
riages which  move  over  them. 

3dly.  In  order  to  remedy  the  evil  arising  from  the  rails 
being  imperfectly  joined,  the  plan  of  wel<Ung  the  ends  to- 
gether has  been  adopted ;  bv  this  means  making  one  con- 
tinued nul  the  whole  length  of  the  road  without  any  joint 
whatever. 

4thly.  It  hence  follows,  that  on  iron  railways,  the  loss  of 
coals,  occasioned  by  the  jolting  of  the  waggons  at  the  joints 
of  the  rails,  and  the  injury  done  to  the  wheels,  the  car- 
riages, and  engines  from  the  same  cause,  are,  if  not  entirely 
prevented,  at  least  considerably  diminished. 

In  September^  1821,  Mr.  liosh  took  out  another  patent 
for  further  improvements  in  the  construction  of  rail- 
ways. Hiese  improvements  consist,  first,  in  fixing  bars  of 
malleable  iron  on  the  upper  surface  of  a  line  of  cast  or 
malleable'  iron  rails,  of  whatever  form  such  rails  may  be, 
in  the  longitudinal  direction  of  the  rails  when  laid,  so  as  to 
form  an  uninterrupted  line  the  whole  length  of  the  bar, 
which  may  be  as  long  us  it  shall  be  found  convenient,  and 
of  the  same  breadth,  or  a  little  broader  or  narrower  than 
the  upper  surface  of  the  rails  to  which  it  is  fixed.  Secondly, 
*  in  fixing,  in  some  cases,  a  band  or  strap  of  malleable  iron 
to  the  under  surface  of  cast-iron  rails,  in  order  that  such 
strap  or  band  may,  by  its  power  of  tension,  give  support  to 
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the  cohesion  of  the  parts  of  cast  iron  nuls,  and  admit  of  iu 
being  made  l^hter^  of  less  expense,  and  less  lisble  to 
breakage.  Thirdly,  in  forming  a  rail,  by  fixing  two  bars  of 
malleable  iron  on  their  sides  or  edges,  and  finng  them  in 
that  position  by  bolts  and  stnds,  or  any  other  convaiieBt 
method }  and  in  placing  and  fixine  on  their  upper  edges  t 
flat  bar  of  malleable  iron,  or  one  wnich  is  slighUT  corm  or 
rounded  at  the  edges  to  diminish  friction,  so  that  the  bv 
or  plate,  placed  and  fixed  cm  the  upper  edgea  of  the  two 
malleable  iron  bars,  shall  form  the  surfisu^e  upon  which  tk 
wheels  of  the  cairiage  are  to  revolve. 

Mr.  Lfosh  states,  in  the  specification  of  his  patent,  tint 
rail-roads  are  now  become  so  general,  that  for  the  iiifix^ 
mation  of  mechanical  men,  or  those  ^o  have  the  diree- 
tion  of  constructing  and  laying  them,  drawings  would  be 
Quite  superfluous ;  he  therafore  proceeds  to  state  the  oe 
thods  which  he  has  found  the  most  convenient,  for  formiog 
the  junction  of  the  plate  or  flat  bar,  which  he  applies  iipoo 
the  sur&ce  of  the  body  of  the  rail ;  and  also  the  mode  bj 
which  he  attaches  the  band  or  strap  to  the  lower  ec^  d 
the  cast  iron  raiL 

<  He  recommends  the  dimensions  of  the  bars  meant  to  fim 
the  upper  surfaceof  a  railway,  calculated  to  cany  looom- 
tive  e^^es  of  seven  or  eight  toi^,  and  waggons  of  threecr 
four  tons  weight  each^  to  be  fifteen  or  sixteen  feet  kn^ 
two  and  a  quarter  inches  broad,  and  half  to  five-eighths  a 
an  inch  thick.  At  every  eighteen  inches  or  two  feet  of  the 
length  of  this  surface-plate,  a  temm  is  firmly  welded  or 
riveted }  or  otherwise  attached  to  the  under  side,  taldog 
care  in  this  operation  to  leave  the  upper  surfiace  of  the  pUts 
even  as*before.  These  tenons  have  holes  through  them  in  die 
transverse  direction  of  the  bars^  to  take  a  pin  or  rivet  of 
from  about  a  quarter  to  half  an  inch  in  diameter  j  and  at 
each  extremity  of  the  plate,  a  tenon  is  fixed  on  by  weMii^ 
having  previously  cut  oS  a  piece  of  about  two  inches  hufs, 
and  of  half  the  breadth  of  the  bar,  from  the  opposite  ends  of 
the  bar  or  plate,  and  at  the  opposite  angles,  so  that  iriieD 
two  bars,  so  prepared,'are  brought  to  join  at  the  ends,  the 
joint  is  what  is  denominated  a  half-lap,  or  scarfed  joint. 

If  it  be  required  to  place  malleable  iron  plates  or  bars  oo 
cast  iron  rails,  nothing  more  is  necessary  than  to  make  die 
rails  with  mortise  holes,  to  receive  the  tenons  with  trans- 
verse holes,  to  correspond  with  those  in  the  tenons  fixed  on 
the  plates  i  and,  after  placing  the  rails  in  thm  chain  or 
carnages,  to  apply  the  plate  to  the  surfiftce  of  the  ruls,  and 
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to  drop  the  tenons  into  the  mortise  holes^r  and  to  secure 
them  there  by  a  pin  driven  tightly  into  and  through  the 
transverse  holes  of  the  tenons  and  mortise  holes.  The 
mortise  holes  are  made  in  the  rails  by  placing  a  core  in  the 
mould  previously  to  running  in  the  metal^  and  lest  this 
core  should  weaken  the  rail,  it  is  advisable  to  add  as  much 
metal  oa  the  outside  of  the  rail,  in  the  form  of  a  boss,  where 
the  hole  is,  as  will  make  up  the  deficiency.  A  chair  is  then 
placed  on  a  pedestal  at  every  three  or  four  feet  distance,  less 
or  more,  according  to  the  length  of  the  cast  iron  rails  ;  and 
each  of  these  must  be  supported  at  its  ends :  these  rails  are 
generally  made  with  half-lap  joints,  and  to  rest  on  a  curb 
bearance.  Care  is  taken  that,  where  the  ends  of  the  surface- 
plates  meet  to  form  a  joint,  they  shall  be  sustained  by  a  chair; 
and  the  reason  for  making  the  joints  half-lapped,  or  scarfed, 
with  tenons  welded  to  these  half  laps  is,  that  one  pin  or  bolt 
will  secure  both  the  adjoining  ends  of  the  surfece-plates,  and 
of  the  bars  of  cast  iron,  more  perfectly  in  the  chair,  than  any 
other  known  contrivance,  when  the  bearance  is  the  apex  of 
a  curve.  Surface-plates  thus  prepared  with  tenons,  as 
described  above,  may  be  attached  and  fixed  to  the  upper 
surface  of  a  series  of  malleable  iron  ndls  placed  in  chairs,^ 
which  rails  consist  of  flat  bars  (generally  three  or  four  feet 
long,  more  or  less,  but  sometimes  also  as  long  as  the  sur- 
face plate),  fixed  on  their  thin  edges,  so  as  to  present  the 
greatest  resistance  to  a  weight  bearing  upon  them.  For 
this  purpose,  pms  or  rivets  may  be  driven  through  the 
transverse  holes  in  the  tenons  on  the  surface^plate,  and  the 
corresponding  transverse  holes  made  in  the  supporting  bars ; 
and  thus  may  be  formed  a  cheap  and  very  serviceable  rail- 
way. In  this  case,  the  supporting  bars  should  not  be  less 
than  two  and  a  half  inches  deep,  by  half  an  inch,  thick,  if 
meant  to  carry  locomotive  engines.  For  smaller  carriages, 
the  bars  may  be  of  less  dimensions,  in  proportion  to  the  de- 
creased weight  of  the  carriages. 

In  forming  the  rail,  consisting  of  a  plate  of  malleable 
iron,*suppoitedbytwo  fiat  bars  of  the  same  material,  Mr. 
Losh  prepares  the  surface-plate  as  above  with  tenons,  and 
having  fixed  the  two  bars  intended  to  support  it  on^  their 
edges,  parallel  to  each  other,  in  a  series  of  chairs,  and  se- 
cured them  in  that  position  by  bolts  passing  through  them, 
and  by  intervening  studs,  to  keep  them  at  a  proper  distance, 
which  is  such,  that  the  sides  or  edges  of  the  surface-plate, 
which  may  be  a  little  curved  or  rounded,  to  diminish  the 
friction  from  the  wheels  passing  over  it,  shall  project  about 
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a  quarter  of  an  inch  beyond  them.  By  these  interranos 
studsj  the  snrface-plate  is  laid  ppon  them^  and  the  tenoDs 
are  dropped  in  between  them,  and  fixed  byinns  or  bob 
passing  m  a  transverse  direction  ttirongh  h<^  in  thebtn, 
which  are  made  to  correspond  with  holes  in  the  tenons, 
and  thns  securing  them  as  if  they  were  in  mortise-hok& 
The  strap  or  bimd  of  malleable  iron  is  fixed  by  Mr.  LoA  to 
the  mider  edge  of  the  cast-iron  rail,  by  perforating  bod 
ends  of  the  strap^  near  the  extremities,  with  a  long  bole,  cir 
culated  to  pass  over  studs  of  malleable  iron  wludi  m 
fixed  at  each  end  of  the  rail^  by  being  ran  at  the  time  i 
casting  the  rail  or  otherwise.  The  studs  should  be  aM 
one  and  a  half  inches  broad,  by  three-eighths  of  an  atk 
thick,  and  placed  so,  that  when  the  strap  Ims  been  put  oier 
them  in  a  heated  state,  it  cannot,  in  contracting,  slq»  iti 
hold ;  but  will,  on  the  contrary,  fix  itself  the  doser.  Ti» 
straps  are  made  of  malleable  iron  bars,  about  one  vai  t 
half  inches  broad,  three^eighths  to  half  an  inch  thick,  mi 
of  such  length  as  to  draw  strongly  against  the  studs  ai 
bottom  of  the  rail,  when  in  its  position.  Tlie  under  edge 
of  the  cast  iron  rail  to  which  tins  strap  is  applied  beia; 
curved,  it  will,  when  the  strap  is  fisoed  upon  the  studs,  i^ 
an  extension  of  its  length  by  heat,  apply  itself  finnly  to, 
and  support  every  part  of  the  lower  edge  of  the  rail,  in  oob- 
tracting,  by  parting  with  its  heat ;  and  till  the  power  d 
tension  of  this  strap  is  overcome^  tmd  it  extends  in  leogtk, 
or  the  studs  break,  the  rail  cannot  give  way* 

Many  other  methods,  perhaps  equally  secure,  msy  ^ 
made  use  of  to  place  and  fix  surface-plates  on  the  sur&oeof 
rails;  but  Mr.  Losh  prefers  the  plan  pointed  out,  b]rt^ 
pons  and  mortise-holes,  and  by  rivets  passed  throi^h  boks 
in  such  tenons,  and  through  corresponding  holes  in  tke 
supporting  bars  5  because,  when  worn  or  damaged,  these 
plates  can  easily  be  taken  off  and  replaced,  without  uqxaj  to 
that  part  of  the  rail  which  supports  them. 

The  principal  patents  obtuned  before  the  above  described, 
are  those  by  Blenkinsop,  Brunton,and  Chapman;  spedft- 
cations  and  drawings  of  which  may  be  seen  in  the  BqMr 
tory  of  Arts. 

Mr.  Blenkinsop's  patent  was  obtained  the  10th  of  AjA 
1811,  and  is  for  a  meUiod  of  fixing  into  the  ground  < 
toothed  rack,  or  longitudinal  piece  of  cast  iron,  or  ot&er  » 
material,  having  teeth,  or  protuberances,  into  whiflfc  » 
toothed  or  co^ed  wheels  connected  with  a  locomotive  cv- 
riage,  plays. 
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Mr.  BruDton's  patent  was  token  out  the  22Dd  of  May, 
1813^  and  is  for  a  method  of  propelling  machines  along  a 
railway  by  means  of  two  or  more  bars  or  legs,  which,  by 
receiving  a  reciprocating  motion  from  a  steam  engine,  act 
against  the  ground  like  a  man's  1^^,  when  in  the  act  of 
walking.  These  bars  or  l^s  are  constructed  of  metal  or 
wood,  and  of  such  length  that,  during  the  act  of  propulsion, 
the  angle  formed  by  the  sud  bars  or  legs  and  the  surface  of 
the  road  may  be  such,  as  to  afford  sufficient  resistance  from 
the  materials  propelled  against  to  overcome  the  friction  of 
the  body  to  be  moved.  This  angle  admits  of  considerable 
latitude  i  but  will  be  found  to  answer  best  when  between 
50  and  fO  degrees. 

The  reader  has  now  been  informed  of  the  principal  patents 
that  have  been  taken  out  for  improvements  in  rail-roads. 
The  rails  most  in  use  are  those  of  cast-iron  by  Losh  and 
Stephenson,  and  of  malleable-iron  by  Birkinshaw. 

Previously  to  constructing  a  railway,  it  is  necessary  to 
ascertain,  as  accurately  as  the. nature  of  the  thing  will  ad- 
mit^  the  quantity  of  lading  expected  to  traverse  each  way 
upon  its  line.  For  if  the  weight  of  the  carriage  of  merchan- 
dize, &c.  be  more  in  the  one  direction  than  in  the  other,  as 
will  frequently  be  the  case  in  forming  a  line  of  railway  from 
a  manufacturing  or  mining  district  to  a  town^  the  railway 
must  have  a  gentle  inclination  or  descent ;  but  if  the  lading 
is  expected  to  be  nearly  equal  in  both  directions,  with  a 
preponderance  at  pertain  periods  only,  the  railing  must,  in 
such  case,  be  set  out  in  icvelsj  or  in  lines  nearly  level, 
and  the  ascents  and  descents  made  by  {danes  inclined  ac- 
cordingly. 

That  the  reader  may  see  the  necessity  of  pa]^g  due  at* 
te&tion  to  this  point,  we  shall  show  the  advantages  that  will 
result  from  constructing  railways  with  a  gentle  gradual 
descent,  when  the  carriage  of  the  articles  of  trade  are  con- 
siderably more  in  one  direction  than  the  other. 

Dr.  Armstrong,  in  his  Recreations  in  Agriculture  ob- 
serves, that  ahorse,  travelling  at  the  usual  rate  that  waj^ons 
move,  would,  with  ea&e,  under  favouraUe  circumstances, 
draw  20  tons :  but  Mr.  Fulton  says,  that  five  tons  to  a  horse 
is  the  average  work  on  railways,  descending  at  the  rate  of 
three  miks  per  hour ;  or  one  ton  upwards  with  the  same 
speed.  Mr.  Telford^  an  experienced  engineer,  observes, 
that  on  a  ndlway  well  constructed,  and  laid  with  a  declivity 
of  50  feet  in  a  mile,  one  horse  will  readily  take  down  wi^- 
goas  containing  12  lo  IS  tons ;  and  brii^  back  the  same 
waggons  with  four  tons  in  them.    Mr.  «KMeph  Wilkes,  in 
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1799  Stated,  that  a  horse  of  the  value  of  20/.  drew  down  the 
declivity  of  an  iron  road^  -^ths  of  an  inch  in  a  yard,  21  car- 
riages or  waggons,  laden  with  coals  and  timber,  weighing  39 
tons,  overcoming  the  vis  inertue  repeatedly  with  ease.  Tie 
same  horse,  up  this  declivity,  drew  five  tons  mth  ease.  On 
a  different  railway,  one  horse,  value  30/.  drew  21  wie^gou 
of  five  cwt.  each,  which,  with  theur  loading  of  cods, 
amounted  to  43  tons  eight  cwt.,  down  the  declivity  of  141 
of  an  inch  in  a  yard ;  and  up  the  same  place  he  afterwinfc 
drew  seven  tons ;  the  cwt.  in  all  these  experiments  by  Mr. 
W.  being  1201bs. 

Though  in  the  preceding  statements  there  is  an  apptiai 
variance,  the  authors  are  not  the  less  entitled  to  cremt;  be 
cause  the  variations  may  have  arisen  from  difierence  in  tk 
physical  strength  of  the  animals,  or  in  the  method  of  00&- 
structing  the  railwap.  To  make  the  case,  howem-,  n 
clear  as  possi'  le,  we  shall  here  present  our  readers  with 
some  observations  and  calculations  deduced  firom  knows 
data,  which  have  latelv  appeared  in  a  very  able  pamphlet, 
entitled  ^^  A  Report  on  RailrRoads  and  Locomotive  Engines," 
by  Mr.  Charles  Sylvester,  civil  engineer. 

Mr.  Sylvester,  havinp^  made  some  judicious  observatos 
on  the  principles  of  railways,  and  the  nature  of  the  frictko 
to  be  overcome,  states,  that,  '*  agreeably  to  the  princMes 
laid  down  in  the  commencement,  when  a  force  is  appned 
equal  to  the  friction,  the  smallest  force  above  that  wonldj 
if  continued^  generate  any  requured  velocity.  But  it  wSl 
be  desirable  to  have  such  a  force  at  conmiand^  as  will  ge* 
nerate  the  necessary  velocity  in  a  short  time,  and  when  w 
has  been  accomplished,  to  reduce  this  force,  but  still  to  leare 
it  fully  equal  to  the  friction.  If  any  part  of  the  route  hasffl 
inclination,  there  ought  to  be  an  extra  force  at  commiDd, 
above  what  would  be  required  for  a  dead  level.  Tlie  (ilaae 
on  which  this  experiment  was  made,  inclined,  in  the  <firec« 
tion  of  the  load,  about  f  of  an  inch  to  a  yard.  Tliis  is  « 
great,  or  perhaps  a  greater,  inclination  ttmn  any  rail-roid 
ought  to  have,  where  loaded  carria^  go  up  and  dowa* 
The  moving  force  ought,  therefore,  to  be  always  fjtMt 
than  the  friction  add^  to  the  force  which  is  required  in 
oyercome  the  inclination  of  the  plane,  llie  lattor  fcxct 
assists  the  body  to  go  down^  and  equally  resists  it  in  moriDg 
upwards.  ' 

^^  On  this  account"  says  he,  ^^  I  have  nsed^  or  supposed^* 
moving  force,  which  will  give  the  velocity  of  5  miles  an  boor, 
or  7f  feet  per  second^  in  Uie  space  of  <»ie  minute.  This  wifl 
be  performed  down  the  above  plane  by  the  enguie  mskiiK 
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4S  strokes  per  minute,  (the  circumference  of  the  wheel 
bcmg  nine  feet),  with  a  pressure  of  9*71bs.  upon  an  inch,  of 
^iach  of  the  two  cylinders,  the  drea  of  each  being  63*6  square 
inches.  The  weight  of  the  engine  and  16  waggon^  is  ^qual' 
to  154,5601bs,  or  nearly  70  tons.  The  velocity  of  five  miles 
an  hour  being  acquired  after  one  minute,  the  only  force  to 
keep  the  whole  in  motion,  at  the  same  rate,  will  be  the  dif- 
ference between  the  gravity  of  the  weight  down  the  plane 
And  the  friction.  The  friction  is  9001bs ;  the  gravitating 
force  of  the  weights  down  the  plane  5401bs  ;  therefore  900 
-  540  =  3601bs. 

"  If  the  same  weight,  at  that  sueed,  had  to  riiove  on  a  dead 
level,  and  acquired  the  same  velocity  in  one  minute  as  be- 
fore, the  ihoving  fof-ce  would  require  to  be  17811b8.  which 
would  require  a  pressure  of  ISyibs.  upon  one  inch.  But 
after  the  speed  is  obtained,  it  will  require  only  71bs.  to  keep 
it  moving  at  the  same  rate.  If  the  same  load  were  required 
to  move  up  the  plane,  it  would  require  a  moving  force  of 
23281bs.  or  a  pressure  upon  everj^  square  inch  of  18-31bs. 
And  this  velocity  would  be  kept  up  by  a  constant  pressure 
of  14471bs.  which  will  be  ll'olbs.  upon  every  inch  of  the 
pistoti. 

^'  In  starting  the  engine,  in  the  dr^t  instance*  and  giving 
tlie  required  velocity,  it  is  probable  the  effects  will  agree 
very  nearly  with  these  calculations;  namely,  134,5601b^. 
moved  at  the  rate  of  five  miles  an  hour,  with  a  pressure  of 
9- Tibs,  upon  every  inch  of  the  piston.  Whether  the  pres- 
sure  were  reduced  to  the  diflFerence  between  the  friction  and 
the  force  upon  the  plane,  which  is  calculated  at  2*81bs.  it  is 
difficult  to  say,  as  there  w^  no  steam-gauge  to  indicate  the 
pressure  when  the  engine  was  going.** 

In  table  1,  at  a  mdre  advanced  part  of  the  wotk, 
Mr.  Sylvester  states,  tiiat,  when  the  engine  is  required  to' 
travel  at  the  rate  of  nine  miles  per  hour,  the  force  ncfcessary  to 
overcome  the  weight,  154,5601ds.  will  be  fot  the  first  minute, 
iVhen  the  engine  is  travelling  on  a  level  2890*8Ilbs ;  when 
moving  down  the  plane  2461'611bs ;  and  when  moving  up 
the  plane  3320*01  lbs;  But  (hat,  when  the  velocity  is  at- 
tained, a  force  that  will  balance  the  friction  is  sufficient  to 
kdep  up  the  required  velocity.  This  force  is,  for  travelling 
on  a  level,  9001bs  ;  for  moving  down  the  plane,  4711bs ;  and 
for  moving  up  the  plane  13291bs. 

By  this,  therefore,  it  is  evident  that)  when  the  lading  is 
expected  to  be  considerably  more  in  one  direction  of  the 
line  of  rail-rdad  than  it  is  in  the  other,  the  advantf^  which 
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will  arise  -from  makings  the  road  with  a'  gentle  slope;  is^Tery 
great.  This  kind  of  railing  is  also  preferable  when  the  bK 
ding  is  only  equal  at  certain  periods.  For  then  the  expcDBC 
of  extra  horses,  to  draw  the  additional  weights  uptheplaBr 
during  these  periods,  will  fall  infiBitely  short  of  the  €Sfe6$t 
saved  by  making  the  plane  with  a  gentle  inclinatioD. 

The  necessary  preliminaries  being  settled,  the  engiwer 
will  obtain  much  greater  facility,  as  also  a  dimination  of  ex- 
pense, by  beginning  to  lay  down  the  raik  on  any  part  of  k 
intended  line  of  road  where  stone,  gravel,  and  other  voi^ 
riak  that  are  wanted,  are  to  be  most  conveniently  had  ?«, 
by  that  means,  he  will  evade  the  slow  and  expensive  vak 
of  common  cartage. 

The  immense  sums  that  have  been  invested  in  the  bands o( 
certain  companies,  for  the  purpose  of  establishing  geoenl 
lines  of  rail-road  throughout  the  country,  have  excited  miHi 
interest  and  elicited  many  able  papers  from  practical  mffli 
in  several  of  the  publications  of  the  day.  Amongst  that, 
perhaps  those  inserted  in  the  Scotsman,  an  Ekiinburgh  aevs- 
paper,  and  in  the  Manchester  Guardiala,  arc  the  most  de- 
serving of  our  notice. 

The  Scotsman  first  commences  with  some  theorttial 
statements,  and  then  continues  : 

Having  developed  the  theory  of  the  motion  of  carriip 
on  horizontal  railways,  we  shall  have  little  more  to  do^ 
mathematical  discussions,  and  shaU  now  turn  our  attaitio^ 
to  points  of  a  practical  nature,  better  adapted  to  thetastec( 
ordinary  readers.  But  first,  we  shaH  bring  under  the  eye 
again,  the  effect  of  a  given  quantity  of  power  on  a  railva;* 
and  on  a  canal,  in  a  calm  atmosphere-— for  it  isoolyis^ 
calm  atmosphere  that  the  results  can  be  properly.  comparoL 

We  have  found  that  a  boat  weighing  with  its  load  15  to 
and  a  waggon  of  the  same  weight,  the  one  on  a  canal,  aod  tte 
other  on  a  railway,  would  be  impelled  at  the  following  rate^ 
by  the  following  quantities  of  power— which  we  have  stiK^ 
both  in  pounds  and  in  horse  power— reckoning  one  botse 
power  equal  to  180  pounds. 


Boat 

on  a  Gansl. 

Waggoa  on  a  Rall-«ay* 

Miles 

power  in 

Hotse 

power  in    Hows 

per  hour. 

poundf. 

power. 

in  pounds,    power. 

2 

- 

SS 

l-5th 

» 

lOO 
102 

4 

• 

isa 

2'9ds. 

. 

6 

. 

800 

If 

. 

105 

109 

s 

. 

5SS 

S 

. 

12 

- 

1200 

T 

. 

120            2^ 

r.« 

- 

213S 

12 

•        — 

1.17            1 

«> 

- 

8925 

18 

- 

m            1 
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We  bave  not  takeD  into  acconnt  the  time  lost  in  over* 
feomiug  the  inertia  of  the  waggon  where  a  small  power  is 
applied)  because,  in  point  of  fact,  the  casual  resistance  of 
the  wind  would  render  it  necessary  to  provide  donble  or 
'triple  the  power  above  stated*  But  if  necessary,  the  time 
lost  by  the  slow  motion  at  first  might  be  saved.  Suppose 
there  are  a  certain  number  of  places  where  the  steam-coach 
or  waggon  was  to  stop,  to  take  in  or  put  out  passengers  or 
goods ;  and  farther^  that  the  wa^on,  by  travelling  a  few 
mites,  has  acquired  an  uniform  velocity  of  20  miles  an 
hour.  Then,  if  it  is  made  to  ascend  an  inclined  plane  of  10 
feet  perpendicular  height,  this  velocity  will  be  extinguished^ 
and  the  vehicle  will  stop  at  the  head  of  the  plane*  When 
it  is  to  proceed  again  oa  its  journey  its  descent  along  an  in* 
dined  plane  of  the  same  height  on  the  other  side,  will  enable 
it  to  recommence  its  career  in  a  few  seconds  with  the  full 
velocity  of  20  miles  an  hour.  By  raised  platforms  of  this 
kind,  at  the  two  extremities  of  the  journey,  and  at  the  in- 
termediate stages^  the  velocity  thus  generated,  might  be 
treasured  up  for  permanent  use.  The  platforms  should  be 
of  different  heights,  corresponding  to  the  various  velocities 
of  the  vehicles  plying  on  the  railway.  But,  in  point  of 
fact,  the  terminal  velocity  is  attained  so  soon  from  a  state  of 
test,  that  this  contrivance  would  probably  be  found  un- 
necessary. 

Where  locks  or  lifts  occur,  the  stationary  steam-engine 
should  drag  up  the  vehicle  (supposing  it  to  be  along  an  in- 
clined plane),  not  simply  from  the  one  level  to  the  other, 
but  to  a  platform  some  feet  above  the  higher  level,  that  the 
vehicle,  by  its  descent^  might  recover  the  lost  velocity.  It  is 
plain,  however,  that  when  the  difference  of  level  did  not 
exceed  eight  or  ten  feet^  the  momentum  of  the  vehicle 
tvoold  carry  it  up  without  any  assistance  from  a  stationary 
engine,  and  with  merely  a  small  temporary  loss  of  velocity. 

Some  persons  imagine  erroneously  that  teethed  wheels 
and  rackwork  would  be  necessary  where  the  railway  was 
not  perfectly  level.  Bat  the  friction  of  iron  oh  iron  being 
25  per  cent,  of  the  weight,  if  the  whole  load  was  upon  the 
wheels  to  which  the  moving  power  was  applied,  and  if  the 
quantity  of  power  was  sufficient,  the  waggon  would  ascend 
without  slipping  though  the  plane  rose  one  foot  in  four- 
while  even  cart  roads  scarcely  ever  nse  more  than  one  foot 
in  18  or  20.  If  four-fifths  of  the  load,  however,  were  placed 
on  separate  cars,  and  only  one-tenth  of  the  whole  pressure^ 
for  iniatance,  was  upon  the  axle  to  which  the  moving  force 
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was  applierf,  lire  power  o(  ascent  by  friction  woold  only  be 
ODC.tcnth  of  one  foot  in  four,  or  one  foot  in  forty. 

The  steam  engine,  as  we  commonfj  see  it,  is  so  bolky, 
and  with  the  addition  of  its  fnel  and  supply  of  water,  se 
]K)nderoQS,  as  to  create  an  impression  on  a  first  view,  tbct 
its  whole  power  would  scarcely,  under  the  most  fiivoarible 
cit*cunistances,  transport  its  own  weight.  The  steam-boit, 
however,  which  cuts  its  way  through  the  ocean,  io  dcfiaBce 
of  tide  and  tempest,  shews  that  this  is  a  misfake.  Forrf 
velocities  above  four  mik^s  ati  hour,  the  locomotive  engine 
will  be  found  superior  to  the  steam-l>oat ;  that  is  to  say,i( 
will  afford  a  greater  amount  of  free  power,  above  whalbl^ 
quired  to  move  its  own  weight. 

We  have  seen  various  statements  respecting  the  loco- 
motive engine,  few  of  them  so  detailed  as  could  bedesired- 
firom  which  we  subjoin  the  following  particulars  : 

Trevi thick  and  Vivian's  high  pr«?s8ure  locomotive  en- 
gine, with  a  cylinder  of  eight  inches  diameter,  and  a  fm- 
sure  of  65  pounds  per  square  inch  (apparently  aboot  eight 
horse  |H)wer),  drew  carriages  containing  ten  and  a  half  too* 
of  iron,  at  five  and  a  half  miles  per  hour,  for  a  distance  of 
r\H\e  miles.  (Stuart's  History  of  Steam  Engine^  p.  I6i! 
Whether  on  a  road  or  railway  is  not  mentioned. 

We  find  it  stated  in  a  Liverpool  paper,  as  the  rcsnUnf 
inquiries  made  respecting  the  locomotive  engines,  thstooe 
of  these,  of  ten  horse  power,  conveys  fifty  tons  of  goods « 
the  rate  of  six  miles  an  hour  on  a  level  railway.  But  wu 
the  road  an  edge  or  ti*am  road  ? 

Mr.  Blenkinsop  states,  in  replies  to  queries  put  bySif 
John  Sinclair,  that  his  patent  locomotive  engine,  with  t#o 
eight-inct  cylinders,  weighs  five  tons,^  consumes  Ml 
ewt.  of  coal,  and  fifty  gallons  of  water  per  hour<  draws  % 
waggons  weighing  94  tons  on  a  dead  level,  at  three  audi 
half  miles  per  hour,  or  15  tons  up  an  ascent  of  two  iBcbct 
in  the  yard ;  when  *  lightly  loaded*  travels  10  miles  an  boor, 
does  the  work  of  16  horses  in  12  bours^  and  costs  ^OOL 
Another  peraon  says,  that  the  weight  of  this  engine  with  i^ 
water  and  coals  is  six  tons,  and  that  it  draws  40  or  50  top 
(waggons  included)'  at  four  miles  an  hour  on  a  level  ia>'* 
way.  (ReiHirtory  of  Arts,  1818,  p.  1«-21  This  8eca»» 
have  been  a  high  pressftre  engine  of  about  eight  or  tea 
Iwrse  power.  But  we  arc  not  informed  wbat  sort  of  fail- 
way  it  worked  on,  how  long  its  journies  were,  or  wW  • 
meant  by  ^  lightly  loaded/ 
^    We  shall    take  for  granted  then  that    ao  cigb<-hW 
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power  high  pressure  engine,  with  its  charge  of  water  aud 
coaly  and  with  the  car  which  bears  it,  weighs  six  tons,  and 
that  it  requires  an  additional  supply  of  100  w^bt  of  coal, 
and  400  weight  of  water  for  each  hour  it  works.  This  is 
very  consistent  with  other  ascertained  facts.  We  find,  for 
instance,  in  the  .parliamentary  report  on  steam  navigation, 
that  the  low  pressure  engines  used  in  vessels,  which  are 
made  twice  as  strong  as  stationary  engines,  weigh  about  one 
ton  and  one-^fifth  for  each  horse  power,  .including  their 
charge  of  water  and  coal.  Now  the  high-pressure  engines 
want  the  condensing  apparatus  which  must  diminish  tho 
weight  probably  by  one-fourth  ^rt.  The  estimate  for  coal 
we  have  increased  one-half,  because  we  think  it  rather  below 
the  truth.  Jt  is  only  about  nine  pounds  per  hour  for  each 
horse  power^  while  Mr.  Watt  allows  twelve  pounds  for  bis 
low  pressure  engines. 

it  follows,  therefore,  that  an  eight*horse. power  locorno- 
tive  engine,  with  coal  and  water  for  eight  hours,  would 
weigh  eight  tons.  Hence,  bulky  and  ponderous  as  the 
steam-engine  appears,  we  find  that  a  locomotive  engine, 
weighing  eight  tons,  moves  50  tons  beside  itself,  (taking  the 
more  moderate  estimate,)  that  is^  it  consumes  only  one- 
seventh  part  of  the  power  it  creates,  when  traveling  at  four 
miles  an  hour ;  or  the  free  power  applicable  to  other  pur- 
poses^ is  seven-eighths  of  the  whole.  This  is  the  result  of  an 
early  experiment,  made  probably  upon  a  rail-road  not  of  the 
best  kind,  and  with  vehicles  much  less  perfect  than  they 
may  yet  be  rendered.  Though  it  falls  much  under  the  effect 
calculated  theoretically,  it  does  not  strike  us  as  being  incon- 
sistent with  the  truth  of  the  principles  on  which  the  calcui- 
lation  was  founded. 

The  high  pressure  engine,  on  account  of  its  smaller 
weight  and  bulk,  is  evidently  best  adapted  for  railways ;  and 
it  can  be  used  with  perfect  safety,  because  it  may  be  easily 
placed  in  a  car  by  itsdf,  a  few  feet  before  the  vehicle  in 
which  the  passengers  arc.  The  vehicle  itself,  by  its  regular 
and  steady  motion  on  the  railway,  would  answer  the  pur<- 
pose  of  ?k  fly-wheel  in  the  most  perfect  manner.  The  en- 
gine might  run  upon  six  wheels,  which  should  be  locked 
together  by  teeth  pinions,  that  the  tendency  to  slip  might  be 
resisted  by  the  friction  of  the  whole  mass  of  eight  tons. 

The  best  form  of  a  steam  coach  for  the  cooveyance  of 
passengers  wonld  probably  be  the  following: — A  gallery 
seven  feet  high,  eight  wide,  and  100  feet  in  length,  formed 
into  10  separate  galleries  10  feet  long  each,  connected  with 
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^ach  Other  by  joints  workiDg  horizontally,  to  allow  the  tnlo 
to  bend  where  the  road  tarned.  A  narrow  covered  foot- 
way, suspended  on  the  oatside  over  the  wheels  on  one  sidf, 
would  serve  as  a  qommon  means  of  communication  for  the 
whole.  On  the  other  side  might  be  outside  seats,  to  be  osed 
in  fine  weather.  The  top,  surrounded  with  a  rail,  mi|^ 
also  be  a  sitting  place  of  promenade,  like  the  deck  of  a 
track  boat.  Two  of  the  10  rooms  might  be  set  apart  for 
jcookiog,  stores,  and  various  accommodations ;  the  oUkt 
eight  would  lodge  100  passengers,  whose  weight,  with  tki 
of  their  luggage,  might  be  12  tons.  The  coach  itself  mifit 
be  12  tons  more ;  and  that  of  the  locomotive  machine,  ^ 
tons,  added  to  these,  would  make  the  whole  32  tons.  Esc^ 
of  the  short  galleries  might  have  four  wheels  ;  but  to  lessa 
the  friction,  the  two  first  wheels  only  should  be  grooved,  tiie 
two  last  cylindrical,  and  three  or  four  times  as  broad  as  tk 
thickness  of  the  rail.  The  conveyance  of  goods  woold  be 
effected  by  a  ti*ain  of  small  waggons  loosely  attached  toeid 
other. 

:  It  will  be  observed  from  the  table  we  have  giv^i  aboit^ 
that  it  would  require  seven  horse  power  to  impel  a  steais* 
boat  weighing  15  tons  at  12  miles  an  hour.  Thb  gives  a 
load  of  two  tons  so  moved  ;  however,  the  engine,  if  a  lov 
pressure  one,  with  waterand  eight  hours'  coals^  would  m^ 
nearly  10  tons,  and  the  vessel  would  weigh  at  least  fire;  so 
that  the  whole  power  of  the  engine  would  be  expended  in 
impelling  itself  and  the  ship  containing  it,  at  the  suppoad 
rate,  and  no  free  power  would  remain  for  freight.  Factt 
show  that  the  resistance  is  actually  rather  greater  is 
water  than  theory  in  this  case  represents  it.  We  have  cil- 
culated  from  data  furnished  by  the  Parliamentary  Report  os 
steam  navigation,  that  the  entire  burden  on  the  engine  m 
vessels  going  only  eight  or  nine  miles  an  hour  in  ctlD 
weather,  rarely  exceeds  three  tons  for  each  horse  power, 
while,  according  to  the  table,  it  shoald  be  five,  tons,  indeed 
in  our  common  steam-vessels  for  passengers,  going  eight  <)^ 
nine  miles  an  hour,  the  ship  and  engine  may  be  considefeii 
as  constituting  the  whole  burden.  For  50  passeogen, 
weighing  perhaps  with  their  luggage  six  or  eight  tons,  placed 
on  board  a  ship  weighing,  with  her  engine  of  60  or  70  Imnm 
power,  a  hundred  and  fifty  or  hundred  and  eigh^  tons,  form 
but  an  addition  of  oue-twentieth  or  one  thirtieth  to  the 
mass— a  quantity  of  no  importance  in  a  practical  poiat  of 
view.  If  we  convert  the  steam-engioe  power  into  real  bon* 
Ipower,  and  figure  to  ourselves  100  horses  enipk>yed  i' 
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draw  50  persoosj^'we  see  what  an  ebormotis  waste  of  power 
there  is  in  the  mode  of  conveyance.  We  may  remark  fur- 
ther, that  the  tenor  of  the  evidence  given  before  the  Par- 
liamentary Committee  renders  it  extremely  doubtful,  whether 
any  vessel  could  be  constructed,  that  would  bear  an  engine 
capable  of  impelling  her  at  the  rate  of  two  miles  an  hour, 
without  the  help  of  wind  or  tide. 

When  the  steam  coach  is  brought  folly  into  use,  practice 
will  teach  us  many  things  respecting  it,  of  which  theory 
leaves  us  ignorant.  With  the  facilities  of  rapid  motion! 
which  it  will  afford,  however,  we  think  we  are  not  too  san« 
guine,  in  expecting  to  see  the  present  extreme  rate  of  tra- 
Telling  doubled.'' 

This  practieability  of  conveying  individuals  or  merchan- 
dize at  the  speed  required  in  the  present  improved  state  of 
our  internal  intercourse  with  the  different  parts  of  the  king- 
dom, has  created  much  doubt  and  discussion  with  many  able 
and  practical  mechanics.  The  question  seems  to  resolve 
itself  thus.  Do  the  friction  incurred  by  any  moving  body^ 
laj^ng  aside  the  resistance  of  the  atmosphere,  increase  in 
proportion  to  its  velocity  ? 

Without  going  into  any  diffuse  or  theoretical  argument  on 
this  point,  we  shall  merely  cite  that  by  the  results  of  actual 
experiments  instituted  by  Vince  and  Coulomb,  it  appears 
that  Jrietion  does  not  increase  in  proportion  to  the  velocity. 

By  experiments  made  also  by  Stephenson  and  Wood, 
it  appears  that  the  force  required  to  keep  a  given  weight  in 
motion  does  not  vary  with  the  velocity :  thus,  a  force  of 
141bs.  was  found  to  overcome  friction,  and  keep  in  motion 
an  empty  coid  waggon,  weighing  23*25  cwt.  on  a  rail- road ; 
and  that  on  doubling  the  velocity,  no  more  force  was  re- 
^juired.  Further  also  it  appears,  that  on  increasing  the 
-weight,  or  load,  the  power  required  to  overcome  the  fric- 
tion, and  keep  the  waggon  in  motion,  did  not  increase  in  si- 
milar proportion,  but  up  to  76*25  cwt.  was  about  one-four- 
teenth less. 

Notwithstanding  the  simple  and  satbfactory  manner  by 
which  the  experiments  that  led  to  these  results  were  con- 
ducted, the  feet  has  been  still  much  doubted.  We  cannot 
therefore  do  better  than  to  extract  from  the  Manchester 
Guardian  the  following  article,  which  contains  an  account 
of  experiments,  with  most  conclusive  results,  made  by  that 
able  mechanic,  Mr.  Roberts  of  Manchester  :— 

^'  llie  object  of  the  papers  on  rail- roads  which  appeared 
Id  the  Scotsman^  was^  in  a  great  measure,  to  shew  the  prac? 
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tic^bility  of  transporting  com  moditie^  npon  rail-roids  at  i 
very  considerable  speed  i  and  (with  some  fallacies,  which 
w,e  shall  endeavour  to  point  out)  they  contain  a  great  deal 
of  valuable  information,  on  the  relative  merits  of  highwiys, 
canals,  and  rail-roads.  The  principal  point,  however,  aiul 
the  one  to  which  we  shall  confine  our  observations,  is  ao 
enunciation  of  the  laws  which  regulate  the  friction  of  rollii^ 
and  sliding  bodies,  as  deduced  from  the  experimeots  of 
Vince  and  Coulomb.  With  a  view  to  the  illustration  rf 
this  part  of  the  subject,  some  very  important  and  concb* 
sive  experiments  have  recently  been  made  in  this  town,  n 
which  we  ah^l  by  find  by  have  occasion  to  refer  at  som 
length  I  but  before  doing  so,  we  must  make  a  few  obsem- 
tions  on  the  rule  laid  down  by  the.Spotsman^  and  the  nm- 
conceptions  which  appear  to  have  prevailed  respecting  it, 
both  in  that  journal  and  in  other  quartern. 

After  comparing  the  resistance  experienced  by  a  boat 
moving  through  the  waier^  with  the  friction  which  retank 
the  progress  of  a  waggoa  on  a  rail*  road,  and  stating  that 
they  are  governed  -by  different  laws,  the  Scotsman  notioet 
the  conclusions  established  by  the  experiments  of  Vimx  aoJ 
Coulomb ;  the  most  important  of  which  is,  that  the  frktim 
of  rolling  and  sliding  .bodies  is  the  ^ame  for  a//  vehdtm* 
The  wTiter  then  observes  :-t- 

Mt  is  with  this  last  law  only  that  we  have  to  do  at  pr^ 
^ent ;  and  it  is  remarkable  that  the  extraordinary  results  to 
which  it  leads,  have  been,,  as  far  as  we  know,  entirely  ove^ 
looked  by  writers  on  roads  and  railways.  These  results, 
indeed,  have  an  appearance  so  paradoxical,  that  they  will 
shock  the  faith  of  practical  men,  though  the  principle  froQ 
which  they  flow  is  admitted  without  question  by  ajl  ^enli? 
fie  mechanician^. 

'  Fii*st.  It  flows  from  this  law,  that  (abstracting  the  i«* 
sistance  of  the  air,)  if  a  car  were  set  in  motion  on  a  leid 
railway,  with  a  constant  force  greater  iq.any  d^^rcethan 
is  required  to  overcome  its  friction,  the  car  wopld  proceed 
with  a  motion  continually  accelerated,  like  a  falling  bodr 
acted  upon  by  the  force  of  gravitation ;  and  however  small 
the  original  velocity  might  be,  it  would  in  time  increase 
beyond  any  assignable  limit.  It  is  only  the  resistance  of  tbe 
air  (increasing  as  the  apace  of  the  velocity)  that  prevents  this 
indefinite  acceleration,  and  ultimately  renders  the  moticffl 
uniform. 

*  Secondly.  Setting  aside  again,  the  resistance  of  the  air 
(the  effects  of  which  we  sh^l  estimfite  by  and  by,)  the  f«7 
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Mune  amount  of  constant  force  which  impels*  a  car  on  a  raiW 
ivay  at  two  miles  an  hour,  would  impel  it  at  ten  or  twenty 
miles  an  hopr>  if  ai|  extra  force  were  employed  at  first  tQ 
3vercome  the  inertia  of  the  car,  ai)d  generate  the  required 
irelocity.  Startling  as  this  proposition  may  appear,  it  is  an 
indisputable  and  necessary  consequence  of  the  laws  of 
[i'iction. 

'  Now  it  would  at  all  times  be  easy,  as  we  shall  afterwards 
show,  to  convert  th^s  accelerated  motion  into  a  uniform 
3f  any  determinate  velocity ;  and  from  the  nature  of  the  re- 
sistance, a  high  velocity  would  cost  almost  as  little,  and  be 
18  readily  obtained  as  a  low  one.  For  all  velocities,  there-r 
fore,  above  four  or  five  miles  an  hour,  rail-ways  will  afford 
facilities  for  communication  prodigiously  superior  to  canals^ 
)r  arms  of  the  sea.' 

Now  w&  are  perfectly  satisfied,  both  by  the  experiments 
)f  Vince  and  Coulomb,  and  those  more  recent  and  conclu-r 
»ivje  experiments,  to  which  wc  have  already  alluded,-  that 
he  rule  laid  down  here  is  correct  3  but  the  writer  ought  to 
lave  guarded  against  the  misconception  to  which  his  last 
)aragraph  is  liable.  When  he  says  that  a  high  velocity 
vould  cost  almost  as  little  as  a  low  one,  he  should  have 
iaid  that  it  would  cost  as  little  per  mile,  or  as  little  over  any 
^iven  space :  for  it  caimot  be  bis  meaning,  that  a  carnage 
,*an  be  kept  moving  for  an  hour,  or  for  any  given  time,  at  a 
ligh  velocity,  with  as  little  expenditure  of  power,  as  at  a  low 
^ebcity.  Yet  this  he  has  been  genen^lly  understood  to 
nean,  and  a  great  deal  has  been  written  and  said  with  f^ 
dew  to  prove  that  he  was  mistaken ;  when  in  fact  he  was 
mly  misunderstood.  In  a  subsequent  article,  however, 
he  author  appears,  in  some  de^ee,  to  have  fallen  into  the 
lame  error  into  which  he  has  led  other  persons.     He  says : 

^  Every  body  knows  that  the  rate  of  stage  coach  travel- 
Qg  in  this  country  has  increased  within  the  last  twenty*^five 
ears,  from  six  or  seven  miles  an  hour  to  eight  or  nine,  and 
his,  top,  before  roads  were  M^Adamized,  and  with  much 
ess  injury  tq  the  horses  than  was  anticipated.  Supposing 
hat  a  coach-hor^e  could  run  fovrteen  miles  unloaded,  with 
he  same  muscular  e;^ertion  which  carries  forward  the 
tage-coach  at  eight  or  nine  miles,  then  professor  Leslie's 
brniula  becomes  3r4tbs  (14  v)2.  Each  horse  would,  of 
^ourse^  draw  with  a  force  of  481bs.  at  six  miles,  and  of 
!71bs.  at  eight  miles  an  hour.  But  if  the  friction  increased 
n  the  ratio  of  the  velocity,  the  load  upon  each  horse  would 
hcrease  from  ^Ibs.  to  601bs.,  when  the  speed  increased 
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from  six  to  eight  miles  an  hour :  and  as  the  hone  exerting 
the  same  strength,  would  only  pull  with  a  force  of  27lb^ 
he  would  thus  have  more  than  double  work  to  do,  which  is 
plainly  impossible.  But  admit  that  the  friction  is  equal  in 
equal  times  ;  then,  since  the  tim^  is  diminished  l-4Ui  hj 
increasing  the  speed  from  six  to  eight  miles  an  hour,  tk 
horses  have  actually  4-5ths  less  to  do ;  the  load  upon  each  b 
reduced  from  48Ibs.  to  36,  and  the  horse  would  have  to  If 
crease  its  exertion  only  l-3rd,  that  is,  from  271b8.  toSSl 
The  facts,  we  bejieve,  will  be  found  strictly  consistent  wA 
this  hypothesis,  and  decidedly  at  variance  with  the  ote. 
However  strange  it  may  sound,  then,  to  common  obs^ms, 
it  is  practically  true,  that  a  smaller  absolute  amount  of  fav 
will  drag  a  coach  over  the  same  space  in  three  hours  thaa  is 
four,  and  in  one  than  in  two.' 

This  paragraph  seems  to  us  to  contain  a  veryob?i» 
fallacy.  If  the  speed  be  increased  from  six  miles  an  hoar» 
eight,  the  horses  have  by  no  means  l^th  less  work  tode, 
supposing  the  friction  a  constant  quantity,  and  the  tractia 
consequently  the  same.  It  is  true  that  they  exert  to 
power  for  a  shorter  time,  but  it  is  over  the  same  distanct 
Supposing  the  power  of  traction  necessary  to  overcome  tk 
friction  is  lOOOIbs.,  then  that  power  must  be  extended  over 
every  yard  of  the  distance,  whether  the  carriage  mova  it 
six  or  eight  miles  an  hour :  imd  it  is  by  the  &tance^  vi 
the  time,  that  the  power  must  be  measured.  That  tte 
must  be  the  case,  will  be  obvious  if  the  experiment  be  pit 
in  another  shape.  Suppose  a  perfectly  horizontal  railwiT, 
a  mile  long,  with  a  perpendicular  descent  of  a  mile  at  o» 
end  of  it,  as  represented  in  fig.  652. 

Suppose  a  waggon  placed  on  this  railway  at  A,  it* 
tached  to  a  rope  passing  over  a  pulley  at  B,  and  loaded  tf 
that  point  with  a  weight  exactly  sufficient  to  overcome  tk 
friction,  then,  if  the  resistance  of  the  dr  is  nothing,  ^ 
the  rope  be  without  weight,  it  follows,  from  the  rule  tei 
down,  that  if  the  waggon  is  set  in  motion  at  any  p^ 
speed,  it  will  continue  to  move  at  that  rate,  until  it  readKi 
the  point  B  and  the  weight  falls  to  C.  But  whetber  tke 
waggon  passes  over  the  railway  in  an  hour  or  in  thrff 
minutes,  it  is  obvious  that  the  same  weight  will  deaceB^ 
through  the  same  space,  and  that  consequently,  the  san* 
amount  of  power  will  be  expended.  It  is,  perhaps,  neces- 
sary to  observe  here,  that  if  the  weight  is  only  just  sofr 
cient  to  overcome  the  friction^  there  will  (as  is  jmivcd  ij 
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the  experiments  of  Mr.  Vince)  be  no  acceleration  of  motion 
4>n  the  principle  of  falling  bodies. 

However,  though  a    carriage  cannot,  as  we  think  we 
have  shewn,  be  moved  ten  miles  in  one  hour,  with  a  similar 
^expenditure  of  power  than  in  two,  it  is  very  interesting  to 
know  that  it  can  be  moved  with  the  same  expenditure, 
(excepting  the  resistance  of  the  air.)     In  many  cases  dis- 
patch is  of  so  much  consequence,  that  the  elucidation  and 
application  of  this  rule  will  probably  lead  to  very  important 
results.    Many  persons,  however,  are  very  sceptical  on  this 
subject,  and  contend  that  the  experiments  of  Vince  and 
Coulomb  do  not  authorise  any  such  conclusions  as  have 
been  drawn  from  them.    It  has  been  asked,  if  the  same 
constant  force  will  move  a  carriage  as  well  at  a  high  as  at  a 
low  velocity,  why  we  do  not  see  something  like  this  in  prac^ 
tice ;  why  a  carriage  moved  by  a  steam-engine  instead  of 
acquiring,  as  it  proceeds,  a  high  degree  of  velocity,  moves 
on  at  one  uniform  rate  after  it  has  overcome  the  vis  inertics 
at  the  commencement  of  its  journey  ?    We  think  the  rea- 
son is  very  obvious,    A  locomotive  steam-engine  does  not 
exert  the  same  constant  force  on  the  peripheries  of  the 
wheels  of  the  carriage,  when  it  moves  at  different  veloci- 
ties.   For  instance,  suppose  the  piston  of  an  engine  to  move 
220  feet  in  a  minute,  and  to  impel  the  peripheries  of  the 
travelling- wheels  at  a  velocity  of  two  miles,  and  with  a 
force  just  sufficient  to  overcome  the  friction,  how  can  the 
speed  be  augmented  without  increasing  the  power  of  the 
engine  ?     If  the  diameter  of  the  wheels  be  increased  with 
the  view  of  increasing  the  speed,  the  force  with  which  they 
are  impelled  will  be  diminished  in  the  same  proportion ; 
and  the  engine  will  stop,  imless  the  pressure  is  increased* 
To  increase  that,  of  course,  will  be  to  augment  the  power. 
As  it  is  obvious,  therefore,  that  a  steam-engine  cannot  ex- 
ert the  same  force  at  different  velocities,  some  other  means 
must  be  devised  for  putting  to  the  test  of  experiment  the 
rule  laid  down  in  the  Scotsman. 

We  now  come  to  the  most  important  and  interesting 
part  of  this  article.  As  none  of  the  experiments  of  Vince  or 
Coulomb  (so  far  as  we  have  seen  or  heard  them  detailed) 
were  made  with  bodies  resembling  railway  waggons, 
either  in  form,  or  in  the  nature  of  their  motion,  the  cor- 
rectness of  the  conclusions  deduced  from  them  with  respect 
to  such  carriages,  was  doubted  by  many  persons  of  consi^ 
derable  scientific  attainments.  It  became  desirable,  there- 
jTor^  that  other  experiments  should  be  tried^  with  carriages 
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upon  raHw^ys,  which,  of  course,  would  be  much  iDore 
satisfactory.  This,  however,  it  did  not,  at  £rst  sight,  ap^ 
pear  very  easy  to  acconiplbh  in  a  satisfactory  manoor :  kt 
Mr.  Roberts,  of  this  town,  recently  devised  a  mode  of  de* 
iermining  the  point,  which  appears  to  as  wholly  iiDobfec- 
tionable,  and  which  exhibits,  in  a  high  degree,  the  simpli- 
city and  facility  of  execution,  by  which  that  gentlemas'i 
inventions  are  so  eminently  distinguished.  It  was  very 
difficult  to  devise  means  for  measuring  accurately  the  fnc- 
tion  of  a  carriage  moving  over  a  railway ;  but  it  occomd 
to  Mr,  Roberts,  that  the  difficulty  would  be  obviated  if  tk 
railway  were  made  to  move  under  the  carriage.  Wheo  tb 
idea  once  presented  itself,  it  was  easy  to  reduce  it  to  pnc- 
tice.  Mr.  Roberts  therefore  constructed  an  apparatus,  d 
which  fig.  654  will  give  a  pretty  correct  notion. 

A  it  a  small  wa^ eon  with  four  cast  iron  wheels,  placed  on  the  pfp- 
pherj  of  acast  iron  drum  B,  three  feet  in  diameter,  and  six  inches  bm 
(which  acts  as  the  rail-road.)  Tbi«  drum  is  fastened  on  the  same  ihift  a 
the  puHe  yC»  which  is  driven  at  dijferei^t  speeds  bjr  a  strap  from  aiwdtf 
pulley.  The  wagg^on  is  attached  by  a  wire  ^o  one  of  Marriotts  patn^ 
weig'mn^  machines  D,  for  the  purpose  of  measurinc'  the  fnctian,  SMtk 
board  G,  prevents  the  current  of  air,  occasioned  by  the  motion  of  ^ 
drum,  from  actings  upon  the  carriagfe.  Now  if  the  drum  be  driTenviik 
any  given  velocity,  say  four  miles  an  hour,  in  the  direction  indicated  br 
the  mark  E,  and  the  waggon  held  in  its  place  by  the  wire  which  attack^ 
it  to  the  index,  it  is  perfectly  obvious  that  the  wheels  wiU  revolve  ottk 
drum  in  precisely  the  same  manner  as  if  the  waggon  moved  forwari«ii 
horizontal  road ;  and  the  friction  will  also  be  the  same,  except,  perfaspi. » 
small  addition  occasioned  by  the  curvature  of  the  drum,  but  wliick  vi£ 
not  affect  the  rdative  frictions  pf  different  speeds.  As  the  waggon  i»  ^^ 
tionary,  the  resistance  of  the  air  will  be  entirely  got  rid  of ;  and  thci»iei 
of  the  machine  will  indicate  the  precise  amount  of  traction  necessarr  t» 
overcome  the  friction.  Of  course,  in  making  the  experiment,  it  wili  W 
necessarv  to  keep  the  centre  of  the  wagron  exmcUy  over  the  mxis  •/<** 
drum;  lor  if  it  were  permitted  to  go  beyond  the  centre,  a  partoftbr 
weight  would  be  added  to  the  friction  ;  if,  on  the  contrary,  it  was  broug*< 
nearer  the  index,  a  part  of  the  weight  would  act  against  the  frictioo,  td 
diminish  the  apparent  quantity.  The  tempering  screw  F,  is  tfaereftre 
added  to  keep  the  waggon  in  its  proper  situation,  in  whatever  wvf  tki 
spring  of  the  weighing  machine  may  be  acted  upon  by  the  friction. 

This  sunple  apparatus  having  been  constructed,  a  number  of  expefi- 
ments  were  made,  chiefly  with  a  ricw  to  determine  whether  the  fricti* 
were  the  same  at  different  velocities.  The  waggon  was  loaded  with  Iftj 
pounds,  (including  its  own  weight)  and  Uie  drum  was  driven  at  difnci^ 
velocities,  varying  from  two  to  twenty-four  miles  an  hoar  on  the  pcfif^ 
ry ;  but  jn  every  case,  the  friction,  as  indicated  by  the  weighing  iaichiK» 
was  precisely  the  same.  No  increase  of  speed  affected  the  index  at  «B» 
but  on  increasing  the  weight,  it  immediately  shewed  a  corrcspoodiiif  in- 
crease of  friction. 

We  consider  these  experiments  as  perfectly  condnsi^ 


Digitized 


by  Google 


Digitized 


E3 
by  (google 


Digitized 


by  Google 


^      AND  MACHINIST.  66^ 

of  the  fact,  that  the  friction  on  a  railway  is  the  same  for  all 
velocities ;  and  that  a  carriage  may  be  pny|)elled  twenty  miles 
in  one  hour,  with  the  same  amount  of  force  which  would 
be  necessary  to  drive  it  twenty  miles  in  ten  hours,  provided 
the  resistance  of  the  atmosphere  Was  out  of  the  question  : 
and,  if  the  carriage  was  properly  constructed,  that  would 
not  amount  to  much.  In  other  words,  goods  may  be  con- 
veyed from  Manchester  to  Livei*pool,  on  a  rail-road,  with 
very  nearly  the  same  expenditure  of  steam,  whether  they  arc 
carried  two  miles,  or  four  miles,  or  twenty  miles  an  hour.  A 
steam  engine,  which  will  propel  twenty  tons  at  four  miles 
an  hour,  will,  with  the  same  expense  of  coals,  propel  ten 
tons  at  eight  miles  an  hour ;  so  that,  with  the  smaller  load, 
it  might  make  a  journey  to  Liverpool  and  back,  in  the  same 
time  which  would  be  occupied  in  going  thither  with  the 
larger  load  Or,  to  put  the  matter  in  another  shape :  sup- 
pose a  four-horse  engine  will  convey  forty  tons  to  Liverpool 
m  eight  hours,  an  eight  horse  engine  will  convey  the  same 
weight  thither  in  four  hours.  There  will  be  the  same  ex- 
jx^nditure  of  steam  in  both  cases,  but,  in  the  latter,  a 
saving  of  half  the  time ;  a  saving  which,  we  need  not  add, 
will  frequently  be  of  immense  importance." 

These  practical  results  arc  very  satisfactory,' as  the  hope 
of  propelling  carriages  at  a  suitable  speed,  for  the  more  ra- 
pid dispatch  of  business,  and  conveyance  of  passengers,  is 
thereby  placed  almost  beyond  a  doubt. 

We  ought  to  notice  here,  the  striking  difference  in  the 
force  requisite  to  give  rapid  motion  on  a  rail-road  to  that  on 
a  canal  or  navigable  river.  These  latter  are  governed  by  a 
totally  different  law,  as  the  resistance,  or  head  of  water  on 
the  bows  of  the  boat,  increase  as  the  squares  of  its  velocity ; 
consequently  it  will  require  four  times  the  power  to  double 
the  speed.  But,  on  thd  other  hand,  it  must  be  admitted, 
that  \n  all  speeds  under  three  miles  per  hour,  the  canal  has 
a  decided  advantage,  as  the  force  increases  as  the  speed  di- 
minishes. 

With  respect  to  the  horse,  it  is  well  known,  that  his 
power  decreases  as  his  speed  increases  ;  and  that  when  he  is 
travelling  at  his  greatest  speed,  which,  with  a  weight,  sel- 
dom exceeds  13  miles  per  hour,  he  is  able  to  exert  little  or 
no  strength.  We,  therefore,  take  it  for  granted,  that  in  the 
present  improved  state  of  our  manufactures,  artificial  pow- 
er of  some  description  must  be  resorted  to,  and  whatever 
ex|>erience  may  prove  to  be  the  most  economical,  the  ap- 
plication of  that  power  is  the  most  important  part  of  the 
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subject  now  under  consideration.  Oii  this  pdnl,  tbe  dtfs 
with  .which  we  are  furnished  b  so  very  limited^  as  scutelj 
to  render  it  possible  to  form  any  decisive  opinion. 

The  engines  which  have  been  some  time  at  work  at  Mr. 
Brandley's  collieries,  near  Leeds,  have  a  cogged  whed, 
playing  in  a  rack,  which  is  laid  as  one  of  tbe  rails  of  tbe 
road  ;  and  those  at  Hetton  colliery  are  much  on  the  sane 
principle.  This  plan  is  objectionable,  because  the  wbok 
weight  of  the  engine,  which,  on  the  most  improved  oei- 
struction,  b  not  less  than  eight  tons,  is  on  the  whed, » 
that  any  obstacle  on  the  rail,  must  of  necessity  shake  the 
whole  machinery.  To  obviate  this,  Mr.  Gordon  has  €0i- 
trived,  and  taken  out  a  patent  for  a  locomotive  carriage  wi4 
the  engine  on  springs,  which  imparts  the  motion  widwit 
any  connexion  with  the  wheels  or  axle-tree,  and  there « 
various  other  plans  in  progress  for  the  same  object.  Botla 
this  be  effected  as  it  may,  the  great  weight  of  tbe  engioc 
which  is  by  far  the  greatest  objection,  is  not  obviated.  M 
indeed,  this  appears  to  us  only  possible  to  be  accomplished,^ 
either  diminishing  the  weight  of  the  engine,  as  proposed  ^ 
the  application  of  Mr.  Brown's  pneumatic,  or  vacuum  e^ 
gine,  or  taking  the  engine  entirely  from  the  carriage,  wl 
employing  stationary  engines,  at  suitable  distances,  to  t«f 
or  draw  the  carriages  in  regular  successkm.  This  last  mode 
has  been  applied  to  practice  in  the  vicinity  of  Newcastk, 
by  Mr.  Thompson ;  and  the  results  may  be  seen  in  mm 
very  able  observations  annexed  to  the  specification  of  te 

?atent,  and  inserted  in  the  Repertory  of  Arts,  for  Mudi, 
822. 

His  method  consists  in  dividing  the  line  of  Rail- road  iato 
any  number  of  stages,  at  suitable  distances  apart.  At  the 
end  of  each  stage  an  engine  is  erected  for  the  purpose  o( 
drawing  the  carriages  from  the  next  stage,  or  engine,  « 
either  side,  towai'ds  itself.  This  is  effected  by  means  d 
ropes,  which,  previously  to  commencing  operation,  ve 
taken  from  each  respective  engine  to  the  engine  immedistt^ 
before  it  by  horses;  but  after  the  work  has  commenced, t^: 
being  hooked  at  the  end  of  the  advancing  or  retonu^ 
carriages. 

In  forming  lines  of  rail-  road  upon  this  system,  that  is, wheit 
stationary  engines  are  to  be  employed,  it  is  not  necesstfT 
that  they  incline  in  the  direction  of  the  loads,  or  be  made 
perfectly  level.  For  in  engines  of  this  description  thcfe  '^ 
no  occasion  to  pay  that  particular  attention  to  the  wei^  ^ 
the  boiler  and  appurtenances,  as  is  the  case  in  eogiB^ 
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Ivfaich  have  a  locomotive  principle.  Indeed  trifling  inequali- 
ties of  surface,  which  would  be  a  material  objection  in  the 
application  of  locomotive  carriages,  are,  in  the  lines  of  road 
where  stationary  engines  are  employed,  quite  unheeded. 

As  many  roads  are  traversed  by  night  as  well  as  by  day^ 
it  becomes  necessary  that  a  signal  should  be  given  from  one 
engine  to  the  other  as  soon  as  the  carriages  have  arrited  and 
are  hooked  to  its  respective  ropes,  that  the  engine  tender 
may  not  be  at  a  loss  when  to  throw  his  machinery  inta 
geer.  For  this  purpose,  Mr.  lliompson  recommends  that 
the  door  of  the  fire-place  of  the  boiler,  or  other  strong  light, 
be  placed  towards  the  engines  on  each  side,  so  that,  by 
opening  it  on  that  side  which  faces  the  engine,  to  whose 
ropes  the  carriages  just  arrived  have  been  attached,  the  en- 
gineer may  adopt  such  measures  as  will  effect  the  desired 
purpose. 

It  is  true,  locomotive  engines  were  not  at  that  period  so 
tirell  understood  as  at  present ;  but  it  appears  .to  us  that  this 
point  still  remains  in  a  very  undecided  state,  and  that  from 
the  even  now  limited  experience  in  propelling  carriages  on 
railways,  at  a  speed  any  thing  liice  that  of  common 
carriages,  it  is  very  difficult  to  hazard  an  opinion.  From 
the  data,  however,  that  can  be  collected,  we  certainly  in- 
cline to  stationary  engines,  as  the  most  mechanical  and 
economical  application  of  the  requisite  power. 

As  to  the  degree  of  danger  which  travellers  may  be  ex- 
posed to  by  locomotive  engines,  it  cannot,  under  8 
proper  nmnagement,  exceed  that  of  a  steam-boat,  or  a 
factory,  where  power  is  operating.  .  It  is  true,  that  as  the 
Tveight  of  the  engine  is  of  great  consideration,  condensing 
engines  (if  steam  be  the  force  employed,)  are  quite  inappli- 
cable, and  what  are  generally  called  high  pressures  must  be 
introduced.  But  though  all  engines  which  do  not  condense 
their  steam,  and  act  only  by  the  pressure,  or  clastic  force, 
are  called  high  pressure  engines,  there  is  no  necessity  what- 
ever to  go  to  dangerous  heats,  and  with  either  wrougbt- 
iron  or  copper  boilers  and  valves,  placed  out  of  the  reach 
of  the  operative  engineer,  or  engine  tender,  may  certainly 
be  worked  at  45  or  531bs.  pressure,  with  as  much  safety  as 
at  201bs.  in  condensing  engines.  Indeed,  on  investigating 
the  cause  of  steam  explosions,  they  will  be  found  to  have 
rarely  occurred  but  from  the  grossest  ignorance  and  neglect. 

Such  of  our  readers  who  are  desirous  to  have  farther  in- 
formation on  this  interesting  subject,  we  must  refer  to  a 
very  able  report  on  rail-roads,  by  Mr.  Charles  Sylvester, 
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to  the  paper  alluded  to  by  Mr.  Thompson,  io  the  Repertory 
of  Arts,  for  March,  1822,  to  a  work  which  will  shortly 
issue  from  the  Press,  by  Mr.  N.  Wood  of  the  KiUingworth 
Colliery,  of  whose  experiments,  in  coDJunction  with  Mr. 
Sylvester,  we  have  already  had  occasion  to  speak,  and  to 
Observations  on  a  General  Iron  Railway,  by  Mr,  Gray,    ^ 
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GEOMETRY. 

Gbobrtrt  18  that  branch  of  nathematics  which  treats  of  the  de« 
■cription  and  properties  of  magnitudes  in  general. 

D^niiions  or  Explanatitm  of  Terms. 

1.  A  point  has  neither  lengthy  breadth^  nor  thickness.  From  this 
definition  it  may  easily  be  understood  that  a  mathematical  point  can- 
not be  seen  nor  felt ;  it  can  only  be  imagined.  What  is  commonly 
called  a  point,  as  a  small  dot  made  with  a  pencil  or  pen^  or  the  point 
of  a  needle^  is  not  in  reality  a  mathematical  point ;  for  however  small 
such  a  dot  may  be^  yet  if  it  be  examined  with  a  magnifying  glass^  it 
will  be  found  to  be  an  irregular  spot^  of  a  very  sensible  length  and 
breadth  \  and  our  not  being  able  to  measure  its  dimensions  with 
the  naked  eye,  arises  only  from  its  smallness.  The  same  reasoning 
may  be  applied  to  every  thing  that  is  usually  called  a  point ;  even 
the  point  of  the  finest  needle  appears  like  that  of  a  poker  when  ex- 
amined with  the  microscope. 

2.  A  line  is  len^h^  without  breadth  or  thickness.  What  was  said 
above  of  a  point,  is  also  applicable  to  the  definition  of  a  line.  What 
is  drawn  upon  paper  with  a  pencil  or  pen,  is  not  in  fietct  a  line^  but 
the  representation  of  a  line.  For  however  fine  you  may  make  these 
representations^  they  will  still  have  some  breadth.  But  by  the 
definition^  a  line  bas  no  breadth  wh«»:«ver^  yet  it  is  impossible  to 
draw  anv  thing  so  fine  as  to  have  no  breadUi.  A  line  therefore,  can 
only  be  imagined.    The  ends  of  a  line  are  points.  . 

3.  A  right  line  is  what  is  commonly  called  a  straight  line,  or  that 
tends  every  where  the  same  way. 

4.  A  curve  1%  a  line  which  continually  changes  its  direction  between 
its  extreme  points. 

5.  Parcdtel  lines  are  such  as  always  keep  at  the  same  distance 
from  each  other,  and  which,  if  prolonged  ever  so  fax,  would  never 
meet.    Fig.  1. 

6.  An  angle  is  the  inclination  or  opening  of  two  lines  meeting  in 
a  point,  Fis.  2. 

7.  Tlie  lines  AB,  and  BC,  which  form  the  angle,  are  called  the 
legs  or  sides  ;  and  the  point  B  where  they  meet>  is  called  the  vertex 
of  the  angle^  or  the  angular  point.  An  angle  is  sometimes  express- 
ed by  a  letter  placed  at  the  vertex,  as  the  angle  B,  ¥if.  2 ;  but  most 
commonly  by  three  letters,  observing  to  place  in  the  middle  the  letter 
at  the  vertex^  and  the  other  two  a&  the  end  of  each  leg,  as  the 
angle  ABC. 
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8^  When  one  line  standft  npon  another,  so  as  not  to  len  nore  Is 
one  side  than  to  asother,  both  the  angles  which  it  nuikes  wi^  the 
other  are  called  rig/if  angles^  as  the  angles  ABC  and  ABD^  ^-3, 
and  all  right-angles  are  equal  to  each  other,  being  all  equal  to9(r; 
and  the  line  AB  is  said  to  be  perpendicular  to  CD. 

Banners  are  very  apt  to  confonnd  the  terms  perpenJ&adar^  sad 
plumb  or  vertical  line.  A  line  is  vertical  when  it  is  at  right-aagln 
to  the  plane  of  the  horizon,  or  level  surface  of  the  earthy  or  to  tk 
snrface  of  water,  which  is  always  level.  The  sides  <tf  a  boiKeaR 
vertical.  But  a  line  may  be  perpendicular  to  another,  whether  it 
sfauds  upright  or  inclines  to  the  ground,  or  even  if  it  lies  flat  spoi 
it,  provided  only  that  it  makes  the  two  angles  formed  by  meedsf 
with  the  other  line  equal  to  each  other ;  as  for  bstance,  if  the  aagki 
ABC  and  ABD  beequal,  the  line  AB  is  perpendicnkurto  CD,wiit> 
ever  may  be  its  position  in  other  respects. 

9.  When  one  tine,  BE  {Fw,  3,)  stands  npon  another,  CD,  to  a 
to  incline,  the  angle  EBC,  which  is  greater  than  a  rigbt-ai^i> 
called  an  obtuse  angle ;  and  that  which  is  less  than  a  right-an^  ii 
called  an  acute  angle,  as  the  angle  EBD. 

10;  Two  angles  which  have  one  leg  in  common,  as  the  u^ 
ABC,  and  ABE,  arc  called  contiguous  angles,  or  adjmmimg  aagb; 
those  which  are  produced  by  the  crossini;  of  two  lines,  as  ue  m^ 
EBD  and  CBF,  formed  by  CD  and  £F,  crossing  each  othff,  at 
called  opposite  or  vertical  angles. 

1 1.  A  figure  is  a  bounded  space,  and  is  either  a  surface  or  a  sAi- 

12.  A  superficies ,  or  surface,  has  length  and  breadth  only.  Tk 
extremities  of  a  superficies  are  lines. 

13.  A  planet  or  pkme  surface,  is  that  which  is  every  where  [w- 
fectly  flat  and  even,  or  which  will  touch  every  part  of  a  straight  Es^- 
in  whatever  direction  it  may  be  laid  upon  it.  The  top  of  a  nus^ 
slab,  for  instance,  is  an  example  of  this,  which  a  strait  edge  vl 
toodi  in  every  point,  so  that  you  cannot  see  light  any  where  bHweei. 

14.  A  curved  surface  is  that  which  will  not  coincide  with  a  stnig^ 
lineMn*any  part.     Curved  surfaces  may  be  either  convex  or  coaesvt. 

15  A  convex  surface  is  when  the  surface  rises  up  in  the  maMt, 
as,  for  instance,  a  part  of  the  outside  of  a  globe. 

16.  A  concave  surface  is  when  it  sinks  in  the  middle,  or  is  hdbv. 
and  is  the  contrary  to  convex. 

A  surface  may  be  bounded  either  by  straight  lines,  carved  Hnes,  or 
both  these. 

1 7.  Every  surface,  bounded  by  straight  lines  only,  is  caUed  i 
pofygon.  If  the  sides  are  all  equal,  it  is  called  a  regular  polygon.  6 
they  are  unequal,  it  is  called  an  irregular  polygon.  Every  jpotjg^ 
whether  equal  ornneoual,  has  the  same  number  of  sides  as  an^ 
mid  they  are  denommated  sometimes  accordbg  to  the  nnaibcr  d 
sides.  Mild  sometimes  from  the  number  of  angles  they  contain.  Thi$« 
figure  of  three  sides  is  called  a  tHangle,  and  a  figure  of  fourst(ks  t 
ijundrangle. 

A  penifigcn  is  a  polygon  of  five  side<i.. 
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A  hexagM  has  tis  sides. 
A  heptagon  seven  sides. 
An  ocU^an  eight  sides. 
A  nonagtm  oine  sides. 
A  decagon  ten  sides. 
An  unaeeagon  eleven  sides* 
A  duodecagon  twelve  sides. 

When  they  have  a  greater  number  of  sidesj  it  b  nsnal  to  call  them 
polygons  of  13  sides,  of  14  sides,  and  so  on. 
Tnanglesare  of  different  kinds,  according  to  the  lengths  of  their  sides. 

18.  An  eqmiaieral  triangle  has  all  its  sides  equal,  as  ABC,  Fig.  4. 

19.  An  isosceles  triangle  has  two  eqnal  sides*  as  DBF,  f^^* 

20.  A  scalene  triangle  has  all  its  sides  unequal,  as  GHI,  Jig.  6, 
Triangles  are  also  denominated  according  to  the  angles  they  contun. 

21.  A  right-angled  triangle  is  one  that  has  in  it  a  right  angle,  as 
ABC,rv.7. 

22*  A  triangle  cannot  have  more  than  one  right-angle.  The  side 
opposite  to  the  right-anffle  B,  as  AC^  i^  called  the  hypothenuse,  and 
is  always  the  longest  side. 

23.  An  ohtuse-4mgled  triangle  has  one  obtuse-angle,  as  Fig.  B. 

24.  An  acute^ngled  triangle  has  all  its  angles  acute,  as  fig.  4. 

25.  An  isosceles,  or  a  scalene  triangle^  may  be  either  right- 
angled,  obtuse,  or  acute. 

26.  Any  side  of  a  triangle  is  said  to  subtend  the  angle  opposite  lo 
it :  thus  AB  (Fig.  7J,  subtends  the  angle  AGB. 

27.  If  the  side  of  a  triangle  be  drawn  out  beyond  the  figure,  as 
AD  (Fig.  8),  the  angle  A,  or  CAB,  is  called  an  uitemal  angle,  and 
the  angle  CAD,  or  that  without  the  figure,  an  erlemo/ angle. 

28.^  A  quadrangle  is  also  called  a  quadrilateral  figure.  They  are 
of  various  denomiuations,  as  their  sides  are  equal  or  unequal,  or  as  all 
their  a^^s  i^e  right-angles  or  not. 

29.  Every  four-sided  figure  whose  opposite  sides  are  parallel,  is 
called  a  porwe/o^ram.  Provided  that  the  sides  opposite  to  each 
other  be  parallel*  it  is  immaterial  whether  the  angles  are  right  or 
not.     Fig.  9,  10,  1 1,  and  12,  are  all  parallelograms. 

30.  When  the  angles  oC  a  parallelogram  are  all  right-angles,  it  is 
called  a  rectangular  parallelogram  or  a  rectangle^  as  Fig.  1 1  and  12. 

31.  A  rectangle  may  have  all  its  sides  emSi,  or  only  the  opposite 
sides  equal.  When  all  its  sides  are  equal,  it  is  called  a  square,  ai 
Fig.  12. 

32.  When  the  opposite  sides  are  parallel,  and  all  the  sides  equal 
to  each  other,  but  the  angles  not  right-angles,  the  parallelogram  h 
cnUed  A  rhombus,  ^  Fig.  10. 

33.  A  parallelogram  having  all  its  angles  oblique,  aad  only  it:i 
opposite  equal,  is  called  a  rhomboid,  as  Fig*  9. 

34.  When  a  quadrilateral  or  four-sided  figure  has  none  of  its  sides 
parallel,  it  is  called  a  trapezium,  as  Fig.  13  i  consequently  every 
quadrangle.  Of  quaditlateral  which  is  not  a  parallelogram,  is  a  tra% 
pezinm. 
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35.  A  irapexoid  has  only  one  pair  of  its  sides  panllel»  as  Rg.  14. 

36.  A  diagonal  is  a  right  line  drawn  between  any  two  anp»  that 
are  opposite  in  a  polygon^  as  IK,  Fig.  15.  In  paralJelogTams  ^ 
diagonal  is  sometimes  called  the  diameter,  t>ecanse  it  passes  through 
the  centre  of  the  figure. 

37.  Complement t  of  a  parallelogram.  If  any  point,  as  E  (Fig. 
]5y, betaken  in  the  diagonal  of  a  parallelogram,  and  throngh  that 
point  two  lines  are  drawn  parallel  to  the  sides,  as  AB,  CD,  it  will 
be  divided  into  four  pandlelograms,  DD,  L,  F,  GG.  The  two  divi- 
sions^ L,  F,  through  which  the  diameter  docs  not  pass,  are  called 
the  complements. 

38.  Base  of  a  figure  is  the  side  on  which  it  is  supposed  to  staad 
erect,  as  AB,  and  CD,  Fig,  16. 

39.  Altitude  of  a  figure  is  its  perpendicular  height  from  the  base 
to  the  highest  part,  as  EF,  Fig.  16. 

40.  Area  of  a  plane  figure,  or  other  surface,  means  the  quantity  of 
space  contained  within  its  boundaries,  expressed  in  square  feet, 
yards,  or  any  other  superficial  measure. 

41.  Similar ^gures  are  such  as  have  the  same  angles,  and  whoK 
sides  are  in  the  same  proportion,  as  Fig.  1 7. 

42.  Equal  figures  are  such  as  have  the  same  area  or  contents. 

43.  A  circle  is  a  plane  figure,  bounded  by  a  curve  line  returan; 
into  itself,  called  its  circumference,  ABCD  (Fig,  ISJ,  every  wbec 
equally  distant  from  a  point  E  within  the  circle,  which  is  called  tk 
centre, 

44.  The  radius  of  a  circle  is  a  straight  line  drawn  from  the  oe&tn 
to  the  circumference,  as  EF  (Fig,  \8J,  The  radius  is  the  openw^ 
of  the  compass  when  a  circle  is  described  |  and  consequently  all  tli 
radii  of  a  circle  must'  be  equal  to  each  other. 

45.  A  diameter  of  a  circle  is  a  straight  line  drawn  frcm  one  vit 
of  the  circumference  to  the  other  throu^  the  centre,  as  CB  fFig*  1^ 
Every  diameter  divides  the  circle  into  two  equal  parts. 

46.  A  segment  of  a  circle  is  a  part  of  a  circle  cut  off  by  a  stiw^ 
line  drawn  across  it.  This  straight  line  is  called  the  qhard,  A  ser 
vent  may  be  either  equal  to,  greater,  or  less  than  a  senu-<irdt, 
which  is  a  segment  formed  by  the  diameter  of  the  circle,  as  CEB, 
and  is  equal  to  half  the  circle. 

47.  A  tangent  is  a  straight  line,  drawn  so  as  just  to  tonch  a  dicle 
without  cutting  it,  as  GH  (Fig.  18).  The  point  A,  where  it  toocba 
the  circle,  is  called  the  point  of  contact.  And  a  tangent  cannot  temA 
a  circle  in  more  points  than  one. 

48.  A  sector  of  a  circle  is  a  space  comprehended  between  two  nfi 
and  an  arc,  as  BIK  (Fig.  19). 

49.  The  circumference  of  every  circle,  whether  great  or  small.  ^ 
supposed  to  be  divided  into  360  equal  parts,  cdled  degrees ;  tsd 
every  degree  into  60  parts,  called  minutes ;  and  every  ndnnte  iat* 
60  seconds.  To  measure  the  inclination  of  lines  to  each  other,  m 
angles,  a  circle  is  described  round  the  angular  point,  as  a  centre,  ^ 
IK,  Fig.  19  ',  and  according  to  the  number  of  degrees,  miontcs,  asi 
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■eooncb^  cut  off  by  the  sides  of  the  angle^  so  many  degrees,  miDntes, 
and  seconds,  it  is  said  to  contain.  Degrees  are  marked  by  ^,  minutes 
by  ',  and  seconds  by  " ;  thus  an  angle  of  48  degrees,  15  minutes,  and 
7  seconds,  is  written  in  this  manner,  48®  15'  7". 

50.  A  soUd  is  any  body  that  has  length,  breadth,  and  thickness  : 
a  book,  for  instance,  is  solid,  so  is  a  sheet  of  paper  -,  for  though  its 
thickness  is  Tery  small,  yet  it  has  some  thickness.  The  boundaries 
of  a  solid  are  surfaces, 

51.  Similar  solids  are  soch  as  are  bounded  by  an  equal  number  of 
similar  planes. 

&2.  A  prism  is  a  solid,  of  which  the  sides  are  parallelograms,  and 
the  two  ends  or  bases  are  similar  polygons,  parallel  to  each  other. 
Prisms  are  denominated  according  to  the  number  of  angles  in  the 
base,  triangular  prisms,  quadrangular,  heptangular,  and  so  on,  as 
Fig'.  20,  21,  22, 23.  If  the  sides  are  peipendicnlar  to  the  plane  of 
the  base,  it  is  called  an  upright  prism  ',  if  they  are  inclined,  it  is 
called  an  oblique  prism. 

53.  When  the  base  of  a  prism  is  a  parallelogram,  it  is  called  a 
ptirallelopipedon^  as  Fig.  22  and  23.  Hence,  a  parallelopipedon  is  a 
solid,  terminated  by  six  parallelograms. 

54.  When  all  the  sides  of  a  parallelopipedon  are  squares,  the  solid 
IS  called  a  cube,  as  Fig.  23. 

55.  A  rhomboid  is  an  oblique  prism,  whose  bases  are  parallelo- 
grams. {Fig.  24.) 

56.  A  pyramid  AB  (Fig.  25  and  26)  is  a  soUd,  bounded  by,  or 
contained  within,  a  number  of  planes,  whose  base  may  be  any  poly- 
gon, and  whose  faces  are  triangles  terminated  in  one  point,  B^  com- 
monly called  the  summit,  or  vertex  of  the  pyramid. 

57.  When  the  figure  of  the  base  is  a  triangle,  it  is  xalled  a  trian^ 
gular  pyramid ;  when  the  figure  of  the  base  is  a  quadrilateral,  it  is 
called  a  quadrilateral  pyramid,  kfi. 

58.  A  pyramid  is  either  regular  or  irregular,  according  as  the  base 
18  regular  or  irreffulaf . 

59*  A  pyramid  is  also  right  or  upright,  or  it  is  oblique.  It  is 
right,  when  a  line  drawn  from  the  vertex  to  the  centre  of  the  base, 
is  perpendicular  to  it,  as  Fig.  25 ;  and  oblique^  when  this  line  inclines, 
as  Fig.  26. 

60.  A  cylinder  is  a  solid  (Fig.  27  and  28)  generated  or  formed  by 
the  rotation  of  a  rectangle  about  one  of  its  sides,  supposed  to  be  at 
rest  i  this  quiescent  side  is  called  the  axis  of  the  cylinder.  Or  it  may 
be  conceived  to  be  generated  by  the  motion  of  a  circle,  in  a  direction 
perpendicular  to  its  surface,  and  always  paraUel  to  itself. 

61.  A  cylinder  is  either  right  or  oblique,  as  the  axis  is  perpendicu- 
lar to  the  base  or  inclined. 

62.  Every  section  of  a  right  cylinder  taken  at  right-angles  to  its 
axis,  is  a  drc/tf;  and  every  section  taken  across  the  cylinder,  but 
oblique  to  the  axis,  is  an  ellipsis. 

63.  A  circle  being  a  polygon  of  an  infinite  number  of  sides,  it  fol* 
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lows,  that  the  cj&ikdei  may  be  oonoeWed  as  a  primij  baling  mA 
polvgous  for  bases. 

64.  A  coneiB  a  solid  (Hg.  29  and  30)  having  adrde  for  its  base, 
and  its  sides  a  conrex  snnacef  terminating  ia  a  point  At  ctlled  the 
verlex  or  apes  of  the  cone.  It  may  be  conceived  to  be  generated  by 
the  revolution  of  a  riffht-angled  triangle  about  its  perpeodicolar. 

65.  A  line  drawn  horn  the  vertex  to  the  centre  of  the  base  is  tk 
axis  of  the  cone. 

66.  When  this  line  is  perpendicnlar  to  the  base,  the  cone  is  caOed 
an  upright  or  right  Cone ;  but  when  it  is  inclined,  it  ia  called  n 
obHaue  cone. 

67.  If  it  be  cut  through  the  axis»  from  the  vertex  to  the  base,  lb 
section  will  be  a  triangle. 

68.  If  a  right  cone  be  cut  by  a  plane  at  right-anglefl  to  theaiii, 
the  section  will  be  a  circle. 

69.  If  it  be  cut  oblique  to  the  axis,  and  quite  across  from  oae  wk 
to  the  other,  the  section  will  be  an  ellipsis,  as  Fig.  31.  A  sectioa  if 
a  cylinder,  made  in  the  same  manner,  is  aho  an  ellipais ;  and  tkb  s 
easily  conceived }  but  it  does  not  appear  so  readily  to  most  people, 
that  the  oblique  section  of  a  cone  is  an  ellipsis :  they  frequently  iaa* 
gine  that  it  will  be  wider  at  one  end  than  the  other,  or  what  is  cM 
an  oval,  which  is  of  the  shape  of  an  e^.  But  that  this  is  a  mistife 
any  one  may  convince  himself,  by  malung  a  cone,  and  cutting  it  acPHi 
obliquely  :  it  will  be  then  seen,  that  the  section,  in  whatever  Snb' 
tion  It  is  taken,  is  a  regular  ellipsis ;  and  this  is  the  case,  whetkv 
the  cone  be  right  or  oblique,  except  only  in  one  case,  ia  the  obfi||Be 
cone,  which  is,  when  the  section  is  taken  in  a  particular  directe 
which  18  called  sub-contrary  to  its  base. 

70*  When  the  section  is  made  parallel  to  one  of  the  sides  of  Ik 
cone»  as  Fig.  32,  the  curve  ABC»  whi^  bounds  the  sectioQ,  is  csUrf 
a  parabola, 

71.  When  the  section  b  taken  parallel  to  the  aiis,  as  Ffg.  33t  ik 
curve  is  called  an  hyperbola. 

These  curves,  which  are  formed  by  cutting  a  cone  in  diflfefeat  &s^ 
tions,  have  various  properties,  whidi  are  of  great  importanos  ia  n* 
tronomy,  gunnery,  perspective,  and  many  oU^  sdences. 

72.  A  sphere  is  a  solid,  terminated  by  a  convex  surfiaee,  esay 
point  of  which  is  at  an  equal  distance  from  a  point  withio,  caDed  fk 
centre.  Fig.  34. 

73.  It  may  be  conceived  to  be  formed  by  maUng  a  semidrde  l^ 
volve  round  its  diameter.  This  may  be  illustrated  by^  the  mostf^ 
forming  a  hall  of  day  by  the  potter's  wheel,  a  semidrcolar  mtdi 
being  used  for  the  purpose.  The  diameter  of  the  semidrde,  nmi 
which  it  revolves,  is  called  the  axis  of  the  sphere. 

74.  The  ends  of  the  axis  are  called  poles. 

75.  Any  line  passmg  throngh  the  centre  of  the  sphere,  and  tcni* 
nated  by  the  circumference,  is  a  ^ftame/fr  of  the  sphere. 

7^.  £y!ery  section  of  a  sphere  is  a  cirde ;  every  sectioB  tsies 


Digitized 


by  Google 


APPBNDIX.  679 

IhroQi^  the  centre  oftbe  sphere,  is  called  a  great  circle,  as  AD^  Fig^ 
34  ;  every  other  is  a  lesser  circle,  as  CI>. 

77.  Any  portion  of  a  sphere  cut  off  by  a  plane,  is  called  a  segment ; 
and  when  the  plane  passes  through  the  centre,  it  divides  the  sphere 
into  two  eqou  parts^  each  of  which  is  called  a  iietnisphere, 

78.  A  conoid \s  a  solid,  produced  by  the  circumvolution  of  a  section 
of  the  cone,  about  its  axis,  and,  crmseqaently,  may  be  either  an 
elliptical  conoid^  h  hyperbolical  conoid,  or  ti  parabolical  conoid.  When 
It  is  ellinticaly  it  is  generally  called  a  spheroid.  These  solids  arc  ulso 
iQilled  etlipsoidf  hyperboloid^  and  paraboloid. 

79.  A  jpAtfroia  is  a  solid  (Fig.  35),  generated  by  the  rotation  of  a 
semi-ellipsis  about  the  transverse  or  conjugate  axis  }  and  the  centre 
of  the  ellipsis  4s  the  centre  of  the  spheroid. 

80.  The  line  about  which  the  ellipsis  revolves,  is^  called  the  azis. 
If  the  spheroid  be  generated  about  the  conjugate  axis  of  the  senii- 
ellipeis,  it  is  called  ^vrolate  spheroid, 

81.  If  the  spheroid  be  generated  by  the  semi-ellipsis,  by  revolving 
about  the  transverse  axis^  it  is  called  an  oblong  spheroid, 

82*  Every  section  of  a  spheroid  is  an  ellipsis ^  except 'when  it  Is 
perpendicular  to  that  axis  about  which  it  is  generated  ^  in  which  case. 
It  is  a  drcle. 

83.  All  sections  of  a  spheroid  parallel  to  each  other,  are  similar 
ftgures. 

A  frustum  of  a  solid,  means  a  piece  cut  off  from  the  solid,  by  a 
plane  passed  through  it,  usually  parallel  to  the  base  of  the  solid,  as 
the  frustum  of  a  cone,  a  pyramid,  &c. 

'There  is  a  lower  aud  an  upper  fhistum^  according  as  the  piece 
spoken  of  does  or  does  not  contain  the  base  of  the  solid.      ^ 

84*  A  regular  body  is  a  solid,  contained  under  a  certain  number  of 
equal  and  regular  plane  figures  of  the  same  sort. 

85.  The^cei  q/*  the  solid  are  the  plane  figures  under  which  it  is 
contained ;  and  the  Unear  sides,  or  edges  of  the  solid,  are  the  sides  of 
the  plane  faces. 

86.  The  are  only  five  regular  bodies  : — viz.  1st.  the  tctraedon, 
wbich  is  a  regular  pyramid,  having  four  triangular  faces ;  2d.  the 
hexaedron,  or  cube,  which  has  six  equal  square  faces }  3d.  the  octae- 
dron,  which  has  eight  triangular  faces ;  4th.  the  dodecaedron,  which 
has  twelve  pentagonal  faces )  5th.  the  icosaedron,  which  has  twenty 
triangular  faces. 

Note.— If  the  figures  marked  A,  B,  C,  D,  E,  be  exactly  drawn  on 
pasteboard,  and  the  lines  cut  half  through,  so  that  the  parts  be  turned 
up,  and  glued  together,  they  will  represent  the  five  regular  bodies, 
viz.— J^^.  A,  the  tctraedon  5  B,  the  hexaedron  j  C,  the  octaedron  ; 
jy,  the  £>decaedron  ;  and  B,  the  icosaedron. 

87.  Ratio  is  the  proportion  which  one  magnitude  bears  to  another 
of  the  same  kind,  with  respect  to  qna^itity,  and  is  usually  makcd 
thus,  A  :  B. 

Of  these,  the  first  is  called  the  antecedimt,  and  the  second  the  con* 
sequent. 
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88.  Tbo  mtaswre  or  quanHiy  of  a  ratio,  ia  conceived  by  eoafideriag 
what  part  of  the  conseqoent  is  the  antecedent }  conaeqaently,  it  ii 
obtained  by  dividing  the  consequent  by  the  antecedent. 

89.  Three  magnitudes  or  qoantities.  A,  B«  C,  are  said  to  be  pn- 
poriional,  when  the  ratio  of  the  first  to  the  second  is  Che  sane  ai 
that  of  the  second  to  the  third.  Thus>  2, 4,  S,  are  proportional»  be- 
cause 4  is  contained  in  8  as  many  times  as  2  is  in  4. 

90.  Four  quantities.  A,  B,  C,  D,  are  said  to  be  |nt>portional,  wbea 
the  ratio  of  the  first.  A,  to  the  second^B,  is  the  same  as  the  ratio  of 
the  third,  C,  to  the  fourth,  D.  It  is  usually  writtra,  A  :  B  ::  C :  D> 
or,  if  expressed  in  numbers,  2  :  4  ::  8  :  16. 

91 .  Of  three  proportional  quantities,  the  middle  one  ia  said  to  bs  a 
mean  proportional  between  the  other  two ;  and  the  last  a  ihkd  pn- 
portional  to  the  first  and  second. 

92.  Of/our  proportional  quantities,  the  last  is  said  to  be  9kfimtk 
proportional  to  the  other  three,  taken  in  order. 

93.  Ratio  inequality  is  that  which  equal  numbers  bear  to  eick 
other. 

94.  Inverse  ralso'is  when  the  antecedent  is  made  tbe  oonseqiot, 
and  the  consequent  the  antecedent.  Thus,  if  1 :  2  ::  3  :  6  ^  tko, 
inversely ^2  : 1  ::  6  :  3. 

95.  Alternate  proportion  is  when  the  antecedent  is  compared  wA 
antecedent,  and  consequent  with  consequent.  Thus,  if  2  :  1 ::  6  : 3; 
then,  bjaltemationt  2  :  6  ::  1  : 3. 

96.  Proportion  by  composition  is  when  the  antecedent  and  coef^ 
queat,  taken  as  one  quantity,  are  compared  either  with  the  ame- 
qoent  or  with  the  antecedent.  Thus,  if  2  :  1  ::  6  :  3  ^  then,  b|f 
composition,  2+ 1 :  1  ::  6+3  : 3,  and  2  + 1 :  2  ::  6+3  :  6. 

97.  Divided  proportion  is  when  the  difference  of  the  antecedent  aai 
consequent  is  compared  either  with  the  consequent  or  with  the  aat^ 
cedent.  Thus,if  3  :  1  ::  12  :  4 ;  then,  by  division,  3 — 1  :  1  ::  13- 
4:4,and3— 1:3::12— 4:12. 

98.  Continued  proportion  is  when  the  first  is  to  the  second  as  tk 
second  to  the  third  i  as  the  thurd  to  the  fourth ;  as  the  fourth  to  tk 
fifth  ;  and  wy  on. 

99.  Compound  ratio  is  formed  by  the  multiplication  of  severil  as- 
teoedents  and  the  several  consequents  of  ratios  together,  in  the  fat- 
hmnst  manner : 

If  A  betoBas3to5,  BtoCas5  to  8,  and  CtoDasStofi; 

then  A  wiU  be  D,  as  |^|i?=  ~?=i  Mhat  is,  A  :  D  ::  1  : 2. 

100.  Bisect,  means  to  divide  any  tiling  into  two  equal  parts. 

101.  Trisect,  is  to  divide  any  thing  into  three  equal  parts. 

102.  ^crt^e,  to  draw  one  figure  veithin  another,  so  that  all  tk 
angles  of  the  inner  figure  touch  either  the  angles,  sides,  or  pbacs  d 
the  external  figure.  i 

103. ,  Circumscribe,  to  draw  a  figure  round  another,  so  thai  dtkr 
the  angles,  sides,  or  planes  of  the  drcumscribed  figure,  touch  sD  tk 
angles  of  the  figure  witbiu  it. 
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104.  Rectangle  under  any  two  lines,  means  a  rectangle  which  has 
two  of  its  sides  eqoal  to  one  of  the  lines,  and  two  of  them  equal  to  the 
other.    AIso^  the  rectangle  under  AB^  CD,  means  AB  x  CD. 

105.  Scales  of  equal  parts.  A  scale  of  equal  p^rts  is  only  a  straight 
liDe*  divided  into  any  number  of  equal  parts,  at  pleasure.  Each  part 
may  represent  any  measure  you  please,  as  an  inch^  a  foot,  a  yard, 
&C.  One  of  these  is  generally  subdivided  into  parts  of  the  next  deno- 
mlnationr,  or  into  tenths  or  hundredths.  Scales  may  be  constructed  in 
a  variety  of  ways.  The  most  usual  manner  is,  to  make  an  inch,  or 
some  aliquot  part  of  an  inch,  to  represent  a  foot  5  and  then  they  are 
called  inch  scales,  three-quarter  inch  scales,  half*inch  scales,  quarter- 
inch  scales,  &c.    They  are  usually  drawn  upon  ivory  or  box-wood. 

106.  An  axiomis  a  manifest  truth,  not  requiring  any  demonstration. 

107.  Postulates  are  things  required  to  be  granted  true,  before  we 
proceed  to  demonstrate  a  proposition. 

.  1 08.  A  proposition  is  when  something  is  dther  proposed  to  be  done, 
or  to  be  demonstrated,  and  is  either  a  problem  or  a  tneorem, 

109.  A  problem  is^when  something  is  proposed  to  be  done,  as  some 
figure  to  be  drawn. 

1 10.  A  theorem  is  when  something  is  proposed  to  be  demonstated 
or  proved. 

1 1 1.  A  lemma  is  when  a  premise  is*  demonstrated,  in  order  to  ren- 
der the  thing  in  hand  the  more  easy. 

112.  A  corollary  is  an  inference  drawn  from  the  demonstration  of 
some  proposition. 

1  Idt  A  schoUum  is  when  some  remark  or  observation  is^made  upon 
something  mentioned  before. 

114.  The  sign  s  denotes  that  the  quantities  betwixt  which  it 
stands,  are  equaL 

1 15.  The  s^  +  denotes  that  the  quantity  after  it,  is  to  be  added 
to  that  immediately  before  it. 

116.  The  sign  —  denotes,  that  the  quantity  after  it  is  to  be  taken 
away  or  subtriMDted  from  the  quantity  preceding  It. 

Geometrical  Problems. 

Prob,  1.  To  divide  a  given  line  AB  into  two  equal  parts. 

From  the  points  A  and  B,  as  centres,  and  with  any  opening  of  the 
compasses  greater  than  half  AB,  describe  arches,  cutting  each  other 
b  c  and  d.  Draw  the  line  c  d ;  and  the  point  E,  where  it  cuts  A  B, 
will  be  the  middle  required. 

Prob.  2.  To  raise  a  perpendicular  to  a  given  line  A  B,  from  a 
point  given  at  C» 

due  1.  When  tne  given  point  is  near  the  middle  of  the  line,  on 
eadi  side  of  the  point  C.  Take  any  two  eqoal  distances,  C  d  and 
C  e  i  from  d  and  e,  with  any  radius  or  opening  of  the  compasses 
greater  than  C  d  or  C  e,  describe  two  arcs  cutting  each  other  in  f. 
Lastly,  through  the  points  f,  C,  draw  the  line  f  C,  and  it  will  be 
the  perpendicular  required.* 


Digitized 


by  Google 


082  APPBKPIX. 

(ks9  2.  When  the  point  Is  nl,  or  near  the  end  of  the  Um.  Tab 
nay  point  d»  above  the  line,  and  with  the  radina  or  distance  d  C>  de- 
scribe the  arc  eO  f«  catting  ABb  e  and  C.  Throngh  theoeotred,as4 
the  point e>  draw  the  line edf,cuttin|r  the  arceCf  lot  T\roagktk 
points  f  C»  draw  the  UnefG«  and  it  will  be  the  perpenAcolar  reqidicl 

Proh.  3.  From  a  given  point  f,  to  let  fall  a  perpendicular  apoo  i 
given  line  AB. 

From  the  point  (,  with  any  tadins,  describe  the  nre  d  t,  catting  AB 
in  e  and  d.  From  the  ^inls  e  d,  with  the  same  or  anv  o^mt  radrai, 
describe  two  arcs,  cnttmg  each  other  in  g.  Throngh  the  pobti  ( 
and  g,  draw  the  line  fg,  and  f  G  will  be  the  perpend^lar  required 

Prob.4.  To  make  an  angle  equal  to  another  angle  which  is  giva, 
asaBb. 

From  the  point  B,  with  any  radins,  describe  the  arc  a  b,  cottac 
the  legs  B  a«  B  b>  in  the  points  a  and  b.  Draw  the  line  D  e,  m 
from  Uie  point  D,  with  the  same  radios  as  before^  describe  the  sit  ef, 
cutting  D  e  in  e.  Take  the  distance  B  a^  and  apply  it  to  the  are  c( 
from  e  ta  f.  LastW*  throngh  the  points  D,  (,  draw  the  line  D  ( aa! 
the  anffle  e  D  f  will  be  eqnal  to  the  an|de  b  B  a,  as  was  reqaired. 

Prob,  5.  To  divide^  a  given  ans^*  mC,  into  two  eqnal  anglei. 

From  the  point  B,  with  any  radins,  describe  the  arc  AC.  Fnm  i 
and  C,  with  -the  same,  or  any  Other  radius*  describe  arcs  cnttingeMk 
in.d.  Draw  the  line  B  d,  and  it  will  bisect  the  angle  ABC,  u  w» 
Teqoired. 

Prob.  6.  To  lay  down  an  angle  of  any  number  of  degrees. 

There  are  various  methods  of  doing  Uiis.  One  is  by  the  uatf  of  ii 
instromentcalled  a  pro/rac/or,  with  a  semidrde of  bras8,haviBgitsd^ 
comfereoce  divided  into  d^prees.  Let  AB  be  a  ^ven  line,  aodktit 
be  required  to  draw  from  the  angular  point  A,  a  line  making,  M 
ABt  any  number  of  degrees,  suppose  20.  I^y  the  straight  M  d 
the  protractor  along  the  line  AB,  and  count  20^  from  tl^cndBof 
tb<  semicircle  ^  at  C,  which  is  2XP  from  B,  mark ;  then,  reoiofiH 
the  protractor,  draw  the  line  AC»  which  makes,  with  AB,  tke 
angle  required.  Or,  it  may  be  done  by  a  divided  line,  nsoaliy  <faavB 
upon  scales,  called  a'  line  of  chords.  Take  60^  from  the  liae  if 
chords,  in  the  compasses,  and  setting  one  at  the  angular  peiat  % 
Prob.  4,  with  that  opening  as  a  radius,  describe  an  arch,  as  a  b :  tki 
take  the  number  of  degrees  of  which  you  intend  the  angle  to  b^  ai^ 
set  it  from  b  to  a,  then  is  a  B  b  the  angle  reauired. 

Prob,  7,  Through  a  given  point  C,  to  araw  a  Ime  paralldtot 
gfven  line  AB. 

Case  1.  Take  any  point  d,  in  AB  ;  upon  d  and  C,  with  thedistaict 
€d,  describe  two  arcs,  eC,  and  d  f,  cutting  the  line  AB  ine  aidd. 
Make  d  f  equal  to  e  C ;  through  C  and  f  draw  C  f,  and  it  wiH  be 
the  line  required. 

Cast  2.  When  the  parallel  is  to  be  at  a  given  distance  firoa  AH 
From  any  two  points,  c  and  d,  in  the  line  AB,  with  a  radius  €qiia|  t» 
tl«  given  distance^  describe  the  arcs  e  and  f :  draw  the  line  CB  i* 
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touch  thoM  arc8  wlthoiU  eoltiog  them^  and  It  will  be  ptraUel  to  AB, 
as  was  reqoiredL 

Prob»  8.  To  dtnde  a  giren  line  AB,  into  aoy  propoeed  namber  of 
^qual  parts. 

From  A,  one  end  of  the  line^  draw  A  c,  making  any  anple  with 
AB;  and  from  B,  the  other  end^  draw  B  d»  making  the  angle  ABd 
equal  to  B  A  e.  Ineachoftheselines^  Ac>  Bd,  ^nnning  at  A  and 
B,  aet  off  as  many  eqnal  parts,  of  any  length,  as  AB  is  to  be  ^ded 
into.  Join  the  points  C  5, 46^  57«  and  AB  will  be  divided  as  re- 
qoired. 

Frob.  9.  To  find  the  eentre  of  a  giren  circle,  or  of  any  one  already 
described.  Draw  any  chord  AB,  and  bisect  it  with  the  perpendicn^ 
lar  CD.  Bisect  CD  with  the  diameter  £F,  and  the  intersection  O 
\fill  be  the  centre  required. 

Probm  10.  To  draw  a  tangent  to  a  given  drde  that  shall  pass 
through  a  given  point,  A. 

From  tM  centre  O,  draw  the  radios  OA.  Through  tie  point  A, 
draw  DE  perMidicolar  to  OA,  and  it  will  be  the  tangent  required. 

Prob,  1 1.  To  draw  a  tangent  to  a  circle,  or  any  segment  of  a  drde 
ABC,  through  a  given  pobt  B,  without  making  use  of  the  centre  <^ 
the  drde. 

Take  any  two  equal  divisions  upon  the  drde,  from  the  given  point 
B,  towards  d  and  e,  and  draw  the  chord  e  B.  Upon  B,  as  a  centre, 
with  the  distance  B  d,  describe  the  arc  f  d  g,  cutting  the  chord  e  B 
in  f.  Makedg  equal todf;  through  gdraw  gB,  and  it  will  be  the 
taiwent  require. 

Prob.  12.  Given  three  points.  A,  B,  C,  not  in  a  straight  line,  to 
describe  a  cirde  that  shall  pass  through  them. 

Bisect  the  lines  AB,  BC,  by  the  perpendiculars  a  b,  b  d,  meeting 
at  d.  Upon  d,  with  the  distance  d  A,  d  B,  or  d  C,  describe  ABC« 
and  i(  wul  be  the  required  drde. 

Prob.  13.  To  describe  the  segment  of  a  drde  to  any  length  AB, 
and  height  CD. 

Bisect  AB  by  the  perpendicular  D  g,  cutting  AB  in  c.  From  c 
make  cD,  on  the  perpendicular,  eoual  to  CD.  Draw  AD,  and  bisect 
it  by  a  perpendicukr  ef,  cutting  Dg  in  g.  Upon  g  the  centre^  de- 
scribe ADB,  and  it  will  be  the  required  segment. 

Prob.  14.  To  describe  the  segment  of  a  drde  by  means  of ^  two 
rules,  to  any  length  AB,  and  perpendicular  height  CD  in  the  middle 
of  AB,  without  making  use  of  the  centre. 

Place  the  rules  to  the  height  at  C  $  bring  the  edges  dose  to  A  and 
B  i  fix  them  together  at  C,  and  put  another  piece  across  them  to 
keep  them  fast.  Put  in  {nus  at  A  and  B,  then  move  the  rulers  round 
these  pins,  holding  a  pencil  at  the  angnlar  point  C,  which  will  de- 
scribe the  segment. 

Prob.  15.  In  any  given  triangle  to  inscribe  a  drde. 

Bisect  any  two  angles  A  and  C,  with  the  lines  AD  and  DB.  From 
Dj  the  point  of  intersection,  let  fail  the  perpendicular  DE ;  it  will  be 
the  radius  of  the  circle  required. 
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ProL  16.  In  n  given  sqaare^  to  describe  i,  regular  octagon. 
Draw  the  diagonals  AC  and  BD,  intersecting  at  e.    Upon  the 

r>int8  A,  B^  €,  Df  as  centres^  with  a  radins  e  C^  describe  the  arcs 
e  Ij  k  e  n»  meg,  f  e  i.    Join  f  n,  m  h,  k  i,  1  g,  and  it  >w31  be  the 
required  octagon, 

Prob.  17.  In  a  given  circle,  to  describe  any  regular  pdjgon. 

Divide  the  circumference  into  as  many  parts  as  there  are  s^es  ia 
the  polygon  to  be  drawn,  and  join  the  points  of  division. 

Proh,  18.  Upon  a  given  line  AB,  to  construct  an  equilateral  tii- 
angle. 

Upon  the  points  A  and  B,  with  a  radins  equal  to  AB,  descriie 
arches  cutting  each  other  at  G.  Draw  AC  and  BC,  and  ABC  wiB 
be  the  triangle  required. 

Pro6.  19.  To  make  a  triangle,  whose  sides  shall  be  equal  to  thrae 
given  lines  D»  E,  F,  any  two  of  them  being  greater  than  the  third. 

Draw  AB  equal  to  the  line  D.  UpoA  A,  with  the  radins  F,  d^ 
scribe  an  arc  CD.  Upon  B,  with  the  radius  E,  describe  another  are 
intersecting  the  former  at  C.  Draw  AC  and  CB^  and  ABC  wiH  be 
the  triangle  required. 

Prob.  20.  To  make  a  trapezium  equal  and  similar  to  a  given  tn- 
pezium  ABCD. 

Divide  the  given  trapezium  ABCD  into  two  triangles,  by  the  &^ 
gonal  DB.  Make  EF  equal  to  AB  -,  upon  EF  construct  the  trian^ 
EFH,  whose  sides  shall  be  respectively  equal  to  those  of  the  triaogk 
ABD,  by  the  last  problem.  Upon  m*,  which  is  equal  to  DB,  con- 
struct the  triangle  HFG,  whose  sides  are  respectively  equal  to  DBC; 
then  EFGH  will  be  the  trapezium  required. 

By  the  help  of  this  problem,  any  plan  may  be  copied  ;  as  every 
figure,  however  irregular,  may  be  divided  into  triangles.  Upon  thii 
the  practice  of  land-surveying  and  making  plans  of  estates,  is  founded. 

Prob.  21.  To  make  a  square  equal  to  two  given  squares.  Male 
the  sides  DE  and  DF  of  the  two  given  squares  A  and  B,  form  tk 
sides  of  a  right-angled  triangle  FDE  ;  draw  the  hypotbenuse  FE ; 
on  it  describe  the  square  EFGH  $  and  it  will  be  the  square  requirei 

Proh.  22.  Two  right  lines  AB,  CD,  being  given,  to  find  a  third 
^proportional.  Make  an  angle  HEI  at  pleasure ;  from  E  make  EF 
equal  to  AB,  and  £G  equal  to  CD  :  join  FG«  Make  EI  eoual  to 
EF»  and  draw  HI  parallel  to  FG  ;  then  EH  will  be  the  third  jpro- 
portional  required ;  that  is,  EF  :  EG :  :  EH  :  £1,  or  AB :  CO : : 
CD :  EI.r 

Prob,  23.  Three  lines  being  given,  to  find  a  fourth  proportional 
Make  the  angle  HGI  at  pleasure  i  from  G  make  GH  equal  to  AB, 
G[  equal  to  CD,  and  join  HI.  Make  GK  equal  to  EF;  draw  Kt 
through  K,  parallel  to  HI ;  then  GL  will  be  the  fourth  proportifraal 
required,  that  is,  GH  :  Gl  :  :  GK  :  GL,  or  AB  :  CD  :  :  EF  :  OL 

Prob,  24.  To  divide  a  given  line  AB  in  the  same  proportion  u 
another  CD  is  divided. 

Make  any  angle  KHI^  and  make  HI  equal  Co  AB ;  then  apply  ^ 
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several  divisions  of  CD,  from  H  to  K,  and  join  KL  Draw  the  lines 
h  ei  i  f,  k  g,  parallel  to  IK  j  and  the  line  HI  will  be  divided  in  e,  f, 
g,  as  was  required. 

Prob,  25.  ^tween  two  given  lines  AB  and  CD  to  find  a  mean 
proportional. 

Draw  the  right  line  EG,  in  which  make  £F  equal  to  AB,  and  FG 
equal  to  CD.  Bisect  EG  in  H,  and  with  HE  or  HG,  as  radius,  de- 
scribe the  semicircle  EIG.  From  F  draw  FI  perpendicular  to  EG, 
catting  the  circle  in  I )  and  IF  will  be  the  mean  proportional  re- 
quired. 

Prob,  26.  To  describe  an  ellipsis. 

If  two  pins  are  Exed  at  the  points  E  and  F,  a  string  being  put 
about  them,  and  the  ends  tied  together  at  C  ;  the  point  C  being 
moved  round,  keeping  the  string  stretched  will  describe  an  ellipsis. 

The  points  E  and  F,  where  the  pins  were  fixed,  are  called  the/oci. 

The  line  AB  passing  through  the  foci,  is  called  the  transverse  axis. 

The  point  G  bisecting  the  transverse  axis,  is  the  centre  of  the 
ellipsis. 

The  line  CD  crossing  this  centre  at  right-angles  to  the  transverse 
axis,  is  the  conjugate  axis. 

The  latut  rectum  is  a  right  line  passine  through  the  focus  at  F,  at 
right-angles  to  the  transverse  axis  terminated  by  the  carve  :  this  is 
also  called  the  parameter, 

A  diameter  is  any  line  passing  through  the  centre,  and  terminated 
by  the  curve. 

A  conjugate  diameter  to  another  diameter^  is  a  line  drawn  through 
the  centre,  parallel  to  a  tangent  at  the  extreme  of  the  other  diame« 
ter^  and  terminated  by  the  curve. 

A  double  ordinate  is  a  line  drawn  through  any  diameter  parallel  to 
a  tangent,  at  the  extreme  of  that  diameter  terminated  by  the  curve. 

Prob,  26.  The  transverse  axis  AB,  and  coni agate  axis  CD,  of  any 
ellipsis,  being  given,  to  find  the  two  foci,  .and  from  thence  to  describe 
the  ellipsis. 

Take  the  semi-transverse  AE,  or  EB,  and  from  C  as  a  centre,  de- 
scribe an  arc,  catting  AB  at  F  and  G,  which  are  the  foci.  Fix  pins 
in  these  points ;  a  string  being  stretched  aboot  the  joints  FCG,  the 
ellipsis  is  described  as  aibove. 

Prob,  27.  The  same  being  given,  to  describe  an  ellipsis  by  a  trammel. 

The  trammel  is  an  instrument  consisting  of  two  rulers  fixed  at 
right-angles  to  each  other,  with  a  groove  in  each.  A  rod  with  two 
moveable  nuts  works  in  this  groove,  and,  by  means  of  a  pencil  fixed 
in  the  end  of  the  rod,  describes  the  corve.  The  operation  is  as  follows: 

Let  the  distance  of  the  first  pin  at  B,  from  the  pencil  at  A,  be 
equal  to  half  the  shortest  axis,  and  the  distance  of  the  second  pin  at 
C,  from  A,  to  half  the  longest  axis ;  the  pins  being  put  iu  the 
grooves,  move  the  pencil  at  A,  which  will  describe  the  ellipsis. 

Prob,  28.  To  draw  the  representation  of  an  ellipsis  with  a  compass 
to  any  length  AB,  and  width  CD. 

Draw  BP  parallel  and  equal  to  EC,  and  bisect  it  at  I ;  then  draw 
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1  C  and  PD,  catting  each  other  at  K  >  bisect  KG  hya  perpeadkolir 
meeting  CD  in  O;  and  on  O,  with  the  radins  OC»descnbetk 
quadrant  GGQ. 

Tfarongh  Q  and  A^  draw  QG,  cutting  the  quadrant  at  G j  tka 
draw  GO,  cuttins  AB  at  M  ;  make  EL  equal  to  EM,  also  EN  eqid 
to  EO.  From  N>  through  M  and  L  draw  NH  and  NI ;  then  M,  L, 
N,  O,  are  the  four  centres  by  which  the  four  quarters  of  the  eDipcs 
are  drawn. 

It  must  be  observed,  that  this  is  not  a  true  ellipais,  but  odj  a 
approximation  to  it ;  for  it  is  impossible  to  draw  a  perfect  empfii 
by  means  of  compasses,  which  can  only  describe  Darts  of  draes. 
But  the  curve  of  an  ellipsis  differs  essentially  from  tbat  of  a  ctrde  ie 
every  part ;  and  no  portions  of  circles  pat  together,  can  ever  form  a 
ellipsis.  But  by  this  means,  a  figure  may  .be  drawn,  which  ap- 
proaches nearly  to  an  ellipsis,  and  therefore  may  be  often  sabsd- 
tuted  for  it  when  a  trammel  cannot  be  had,  or  when  the  ellipstsis 
too  small  to  be  drawn  by  it.  At  the  joiijitng  of  the  pcMtions  of  drda 
in  this  operation,  the  defect  is  not  perceivable ;  and  the  best  wijis 
not  to  join  them  quite*  and  to  hdp  the  curve  by  hand. 

Prob.  29.  An  ellipsis,  AGDB^  being  given,  to  find  the  transvem 
and  conjugate  axb. 

Draw  any  two  paratld  lines,  AB  and  CD,  catliag  Ae  dlipssit 
the  points  A,  B,  C,  D ;  bisect  them  in  e  and  f.  Tbrovgh  e  aad  I 
draw  GH,  cutting  the  elUpsia  at  G  and  H  j  bisect  GH  at  I ;  wait 
will  give  the  centre. 

Upon  I,  with  any  radius,  describe  a  drd^  cutting  the  eliipits  ii 
the  four  points  k,  1,  m,  n  5  join  k,  1,  and  m,  n;  bisect  k  1,  or  m  a,  it 

0  or  p.  Through  the  points  o,  I,  or  I,  p,  draw  QR>  catting  tk 
ellipsis  at  Q  and  R ;  then  QR  will  be  the  transverse  ana. '    Thfsdk 

1  draw  TS,  parallel  to  k  1,  cutting  the  ellipsis  at  T  and  8  ;  and  TS 
will  be  the  comugate  axis. 

Prob.  30.  To  describe  an  ellipsis  similar  to  a  given  one  ADBC» 
to  any  given  length  IK,  or  to  a  given  width  ML. 

Let  AB  and  CD  be  the  two  axes  of  the  given  dlipsis.  Throa^ 
the  points  of  contact  A,D,B,C,  complete  the  rectangle  GEHF ;  drif 
the  diagonals  EF  and  GH  :  they  will  pass  through  the  coitre  at  R 
Through  I  and  K  draw  PN  and  OQ  parallel  to  CD,  cotting  the  diago- 
nal) EF  and  GH,  at  P,N,Q,0.  Join  PO  and  NQ,  cutting  CD  at  L 
and  M ;  then  IK  is  the  transverse,  and  ML  the  conjugate  axis  of  a 
ellipsis,  that  will  be  similar  to  the  given  ellipsis  AD BC,  which  bit 
be  described  by  some  of  the  foregoing  methoas. 

Prob.  31.  To  describe  a  parabola.  If  a  thread  equal  i«  length  ts 
BC,  be  iixt  at  C,  the  end  of  a  square  ABC,  and  the  other  ^  be 
fixt  at  F  3  and  if  the  side  A  B  of  the  square  be  moved  along  the  Gte 
AD,  and  if  the  poiot  E  be  always  kept  dose  to  the  edge  BC  of  tk 
square,  keeping  the  string  tight,  the  pointer  pia  £  wiU  describe  t 
curve  EGIH,  called  a  para  Wa. 

'  The /octt5  of  the  parabola  is  the  fixed  point  F,  abovtlAkhlk 
string  revolves. 
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The  dirtcirix  i»  the  line  AD,  which  the  side  of  the  square  mores 
ilonf. 

The  axis  is  the  line  LK«  drawn  through  the  focns  F,  perpendicular 
to  the  directrix. 

The  vertex  is  the  point  I,  where  the  line  LK  cuts  the  curre. 

The  iattts  rectum,  or  parameter,  is  the  line  GH  pnssing  through 
the  focus  F,  at  right-angles  to  the  axis  IK,  and  terminated  by  the 
curve. 

The  diameter  is  anj  line  MN,  drawn  parallel  to  the  axis  IK. 

A  double  ordinate  is  a  right  line  RS»  drawn  parallel  to  a  tangent  at 
hff,  the  extreme  of  the  diameter  MN,  terminated  by  the  curve. 

The  abscissa  is  that  part  of  a  diameter  contained  between  the 
curve  and  its  ordinate,  as  MN. 

Prob.  32.  To  describe  a  parabola,  by  finding  points  in  the  curve  y 
the  axis  AB,  or  any  diameter  being  given,  and  a  donble  ordinate  CD. 

Through  A  draw  £F  parallel  to  CD ;  through  C  and  D  draw  DP 
and  CE  parallel  to  AB,  cutting  EF  at  E  and  F.  Divide  BC  and  BD, 
each  into  any  number  of  equal  parts,  as  four ;  likewise  divide  CE 
and  DF  into  the  same  number  of  equal  parts.  Through  the  points  I, 
2,  3,  &c.  in  CD,  draw  the  lines  1  a,  2  b,  3  c,  &c.  parallel  to  CD  -, 
also  through  the  points  1, 2,  3,  in  CE  and  DF,  draw  the  lines  1  A, 
2  A,  3  A,  cutting  the  paraUel  lines  at  the  points  a,  b,  c  -  then  the 
points  a,  b,  c,  are  in  the  curve  of  the  parabola. 

Prob,  33.  To  describe  an  hyperbola. 

If  B  and  C  are  two  fixed  points,  and  a  rule  AB  be  made  moveable 
about  the  point  B,  a  string  ADC  being  tied  to  the  other  end  of  the 
rule,  and  to  the  point  C ;  and  if  the  point  A  be  moved  round  the 
centre  B,  towards  6,  the  angle  D  of  the  string  ADC,  by  keeping 
it  always  tight  and  close  to  the  edge  of  the  rule  AB,  will  descrioe  a 
curve  DHG,  called  an  h)'perbola. 

If  the  end  of  the  rule  at  B  were  made  moveable  about  the  point 
C,  the  string  being  tied  from  the  end  of  the  rule  A  to  B,  and  a 
curve  being  described  after  the  same  manner,  is  called  an  opposite 
kjfperboia. 

The ybct  are  the  two  points  B  and  C,  about  which  the  rule  and 
string  revolves. 

The  transverse  axis  is  the  line  IH  terminated  by  the  two  curves 
passing  through  the  foci,  if  continued. 

The  centre  is  the  point  M,  in  the  middle  of  the  transverse  axis  IH. 

The  conjugate  axis  is  the  line  NO,  passing  through  the  centre  M, 
anti  terminated  by  a  circle  from  H,  whose  radius  is  MC,  at  N  and  O. 

A  diameter  is  any  line  VVV,  drawn  through  the  centre  M,  and  ter- 
niinated  by  the  opposite  curves. 

Conjugate  diameter  to  another,  is  a  line  drawn  through  the  centre, 
parallel  to  a  tangent  with  either  of  the  curves,  at  the  extreme  of  the 
other  diameter  terminated  by  the  curves. 

Abscissa  is  when  any  diameter  is  continued  within  the  curve,  ter* 
minated  by  a  donble  orainate  and  the  cnne  ;  then  the  part  within  is' 
called  the  abscissa. 
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DauhU  ardkuUe  u  a  line  drawn  throngfa  any  diameter  paiaQcltoki 
conjugate,  and  tenninated  by  the  curve. 

Pmrameter  or  latui  rectum,  is  a  line  drawn  through  the  focns,  per- 
pendicolar  to  the  transverse  axis,  and  termmated  by  the  cnrve. 

Prob.  34.  To  describe  an  hyperbola  by  finding  points  in  the  cone, 
having  the  diameter  or  axis  AB,  its  abscissa  BG,  and  double  onfi- 
nate  DO. 

Through  6  draw  EF,  parallel  to  CD ;  from  C  and  D  draw  CEawl 
DF,  parallel  to  BG,  cutting  £F  in  E  and  F.  Divide  CD  aad  BD. 
each  into  any  number  of  equal  parts,  as  four ;  through  the  poiats  <d 
division,  1,  2,  3,  draw  lines  to  A.  Likewise  divide  EC  aad  DF  \at9 
the  same  nomber  of  equal  parts,  viz.  four ;  from  the  divisions  on  CZ 
and  DFy  draw  lines  to  G  ;  a  curve  being  drawn  through  the  intenecr 
tions  at  G,  a,  b,  &c«  will  be  the  hyperbola  required. 

&inarif .— >In  a  circle,  the  half  chord  DC,  is  a  mean  proportioi^ 
between  the  s^ments  AD,  DB  of  the  diameter  AB  perpendicular  t» 
it.     Thatis  AD:DC::DC:DB. 

2.  The  chord  AC  is  a  mean  proportional  between  AD  and  thei* 
ameter  AB.  And  the  chord  BC  a  mean  proportional  between  U 
and  AB. 

That  is,  AD  :  AC  :  :  AC  :  AB, 
and  BD  :  BC  : :  BC  :  AB. 

3.  The  angle  ACB,  in  a  semidrcle*  is  always  a  right, 

4.  The  square  of  the  hypotenuse  of  a  right-angled  triangle,  is  9fd 
to  the  squares  of  both  the  sides. 

That  is,  AO  =  AD»  +  DC*. 
and  BC«  =  BD«  +  DC*, 
andAB*=  AC*  +  BC*. 

5.  Triangles  that  have  all  the  three  angles  of  the  one  respactiKlj 
equal  to  all  the  three  of  the  other,  are  called  equiangular  triaogte 
or  similar  triangles. 

6.  In  similar  triangles,  the  like  sides,  or  sides  of^iosite  the  e^ 
aaglest  are  proportional. 

7.  The  areas,  or  spaces,  of  similar  triangles,  are  to  each  ethff* 
as  the  squares  of  their  like  sides. 


MENSURATION  OF  SUPERFICIES. 

Proh.  1.  To   find  the  area  of  a  parallelogram:  whether  it  be  i 
square,  a  rectangle,  a  rhombus,  or  a  rhomboid. 

Multiply  the  length  by  the  breadth,  or  perpendicular  height,  mi 
the  product  will  be  the  area. 

£x.  1.  To  find  the  area  of  a  square,  whose  side  is  6  mches,  or  i 
feet,  &c. 

6 
6 

36  Ansr 
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2.  To  find  the  area  of  a  rectaogle,  whose  length  is  0,  and  breadth 
4  inches,  or  feet,  &€. 
9 
4 

Ansr.  36 


3.  To  find  the  area  of  a  rhombns,  whose  length  is  6  chains,  and 
perpendicular  height  5. 
^  6 
5 

Ansr.  30 


Prob.  2.  To  find  the  Area  of  a  Triangle. 

Rule  1 .  Multiply  the  base  by  the  perpendicular  height,  and  half 
the  product  will  be  the  area. 

Rule  2*  When  the  three  sides  only  are  ffiren  :  Add  the  three  sides 
together,  and  take  half  the  sum  j  from  the  half  sum  subtract  each 
tide  separately ;  multiplv  the  half  sum  and  the  three  remainders  con- 
tinnally  together ;  and  the  square  root  of  the  last  product  will  be  the 
area  of  the  triangle. 

Ex.  Reanired  the  area  of  the  triangle  whose  base  is  6  feet^  and 
perpendicular  height  5  feet. 
6 
5 

2)  30  (15  Ansr. 

Prob.  3.  To  find  one  Side  of  a  right-angled  Triangle,  having  the 
other  two  Sides  tnven. 

The  square  of  the  hypotenuse  is  equal  to  both  the  squares  of  the 
two  legs.    Therefore, 

1 .  To  find  the  hypotenuse  ;  add  the  squares  of  the  two  1^  to- 
gether, and  extract  the  square  root  of  the  sum. 

2.  To  find  one  leg ;  subtract  the  sqnare  of  the  other  leg  from  the 
square  of  the  hypotenuse,  and  extract  the  root  of  the  difference. 

Ex.  1.  Required  the  hypotenuse  of  a  right-angled  triangle,  whose 
base  A  B  is  40,  and  perpendicular  BC  30. 
4        3 
4        3 

16        9 
9 

25       (5  the  sqnare  root  of  the  sum  of  the  two  squares,  being 
25  the  hypotenuse  AC. 

""  2  Y 
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2.  What  is  the  perpondicuhir  of  a  right-avgled  triangle,  mhm 
base  AB  is  56,  and  hypotenuse,  AC  65  ? 
56        65 
56        65 

336      325 
280      390 

3136    4225 
3136 

1 089  (33  The  perpendicular^  which  is  tbe  m( 
9  of  the  remainder  of  the  sqoareof  tk 

— —  hypotenuse  AC,  wrhcn  the  tqatt 

63  I  189  of  AB  has  been  subtracted. 

3  I  189 
Prob.  4.  To  find  the  Area  of  a  Trapezoid. 
Multiply  the  sum  of  the  two  parallel  sides  by  the  perpendkdv 
Stance  between  them,  and  half  the  product  will  be  the  area. 

JSr.  In  a  trapezoid,  the  parallel  sides  are  AB  7«   and  CD  II 
and  the  perpendicular  distance  AP  or  CN  is  9  :  required  the  area. 
7 
12 

19 
9 

171 

85^  the  area. 
Ptob.  5.  To  find  the  Area  of  a  Trapezium. 
Case  for  any  /rape%tKm.— Divide  it  into  two  triangles  by  a  ^ 
gonal ;  then  find  the  areas  of  these  triangles,  and  add  them  ta^ttkr. 
Note,  If  two  perpendiculars  be  let  faU  on  the  diagonal,  fnw  tk 
other  two  opposite  angles,  the  sum  of  these  perpendiculars  bdaf 
multiplied  by  the  diagonal,  half  the  product  will  be  the  area  af  «^ 
trapezium. 

Ex,  To  find  the  area  of  the  trapezium  ABCD,  the  diagonal  AC 
being  42  ,  the  perpendicular  BF  1 8    ,  and  the  perpendtcolar  DE  U- 
18 
16 


2)  1428 

714  the  answer. 
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Prob,  6.  To  £nd  the  Area  of  an  Irregular  Polygon. 
Draw  diagonals  dividing  the  figare  into  trapezinms  and  triangles. 
Then  find  tl^  areas  of  all  these  separately,  and  their  sum  will  be  the 
content  of  the  whole  irregular  figure. 

Ex.  To  find  the  content  of  the  irregular  figure  ABCDEF,  in 
which  are  given  the  following  diagonals  and  perpendiculars  :  namelff 
c.a  =  10 
d.f  =     6 


ci  = 
k.e  = 
m.f  = 
n.b=: 
For  trapez.  dcfe. 

ci.     4 

ke.    2 

4 
2 
3 
4 

For 

trapez.  c  f  a  b 
n.b.    4 
m-f.     3 

6 
df.    6 
2)36 

7 
c.a.      10 
2)70 

18  contents. 

35  coni 

18  contents  d.  c  f  e 
35      ——    c.  f.  a  b 

53  contents  of  the  irregular 
—    polygon. 

Prol.  7.  To  find  the  Area  of  a  Regular  Polygon. 

Rule,  Multiply  the  perimeter  of  the  figure,  or  sum  of  its  sides* 
by  the  perpendicular  falling  from  its  centre  upon  one  of  its  sides^  and 
half  the  product  will  be  the  area. 

Prob,  8.  In  a  Circular  Arc,  having  any  two  of  the  following  lines, 
Tiz.  the  chord  AB,  the  versed  sine  DP,  the  chord  of  half  the  arc 
AD,  and  the  diameter,  or  the  radius  AC  or  CD  given,  to  find  theothers. 

If  any  two  of  these  lines  be  given,  two  sides  of  one  of  the  right- 
angled  triangles,  APC  or  APD,  will  be  known,  and  from  them  the 
remaining  side,  and  other  lines  in  the  arc,  may  be  found  by  Prob.  3. 

Suppose  AB  and  PD  be  given,  then,  by  Prob.  3.,  the  half  of  AB, 
or  AP  is  a  mean  proportional  between  DP'and  PC  -f  CD  j  for  PC  4- 
CD  +  PD  is  the  diameter  of  the  circle,  half  of  which  is  the  radius 
or  CA,  and  by  Prob.  3,  AC«  —  AP»  =  CP*,  and  AP*  +  PD«  =  AD*. 

Suppose  CD  and    AB  be    given,  then   half  of  AB  =  AP,  and 

CD  =  AC ;  therefore  V  CD*  -  AP«  =  CP,  and  CD  -  CP  =  PD. 

V  PD*  +  AP*  =  AD. 

ProL  9.  To  find  the  Diameter  and  Circumference  of  a  Circle^  the 
one  from  the  other. 

RuU  I .    As  7  is  to  22,  so  is  the  diameter  to  the  circumference. 
As  22  is  to  7,  so  is  the  circumference  to  the  diameter. 
2t2 
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As  J  Id  18  to  355,  80  18  the  diameter  to  the  drcmfereBOb 
As  355  is  to  1  ]3»  80  is  the  circumference  to  the  diameter 

Bule  3.  As  Hs  to  3'  14 1 6«  so  is  the  diameter  to  the  drcanlmioe. 
As  3'  14116  is  to  1,  so  is  the  dicomference  to  the  diuBetcr. 

E^.  1.  lo  fiod  the  drcamfereoce  of  a  drde,  whose  diaiaeter  AB 
Is  JO. 

By  Rule  1. 

7  :  22  : :  10  :  31*42857 
lOi 


7)  220 
31f 
or  31*42857  ans. 

By  Rule  2. 

113:355::  10:3lTVr 
10 

113T3550(  31-41593 

By  RuU  3. 

1  :  31416::  10  8  31-416 
the  drcomference  nearly, 
the    true    circumference 
being 
31'41592653^S979,  bx. 

160 
470 
180 
670 
1050 
330 


So  that  the  2d  rale  is 
nearest  the  truth. 


2.  To  find  the  diameter  when  the  circumference  it  100. 


22  :  7  :  :  50 


By  RuU  1. 
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By  Rule  2. 

By  Rule  3 

355  :  113:  :50:15ft. 

3-1416  : 1  :  :  50  :  15*9156 

50 

50 

355 

5650 

3']416)50-000  (15*9156 

71 

1130  (15-9155 

)  18584 

420 

2876 

650 

49 

110 

18 

390  .  2 

350 

Proh»  10.    To  find  the  Length  of  any  Arc  of  a  Circle. 
Rule  I*    As  180 18  to  the  Dumber  of  degrees  io  the  arc. 
So  is  3*1416  times  the  radius,  to  its  length. 
Or  as  3  is  to  the  number  of  degrees  in  the  arc» 
So  is  *05236  times  the  radios,  to  its  length. 
£r.  1 .  To  find  the  length  of  an  arc  ADB  (Prob.  8,)  of  30  degrees, 
the  radios  being  9  feet.|. 

3-1416 
9 

As  180  :  30      

Or  6  :  1  : :  282744 :  47124 
Or  3  :  30  : :  05236  X  9  :  47124 
90 

47124  the  answer. 


Rule  2.  From  8  times  the  chord  of  half  the  arc  subtract  the 
chord  of  the  whole  arc,  and  4  of  the  remainder  will  be  the  length  of 
the  arc  nearly. 

Ex.  2.  The  chord  AB  (Prob.  8.)  of  the  whole  arc  being  4*65874, 
and  the  chord  AD  of  the  half  arc  2*34947  i  required  the  length  of 
the  arc. 

2-34947 
8 


18*79576 
4*65874 

3)1413702 


4-71234  answer. 
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Proh.  11.    To  find  the  Area  of  a  Circle^  the  diameter  or 
ference  being  given. 

Ruie  1.    Maltiply  half  the  circamference  by  half  the  diaaeter. 
Or^  take  J  of  the  product  of  the  whole  circomfeFence  and  diameter. 

Rule  2.    Maltiply  the  square  of  the  diameter  by  *7854, 

Rule  3.     Maltiply  the  square  of  the  circamference  by  -07958. 

Rule  4.    As  14  is  to  1 1,  so  is  the  square  of  the  diameter  to  tbe 
area. 

Rule  5.  As  88  is  to  7,  so  is  the  square  of  the  drcnmference  tothe 
area. 

£r.  To  find  the  area  of  a  circle  whose  diameter  is  10,  and  or* 
cumference  314*159265 


area 


By  Rule  I. 
31-4159265 
10 

By  Rule  2. 

7854 
100 

area  78-54 

14 

By  Ade4. 
11::  100 

11    am 

)314- 159265 

14    1100    W7 
98 

120 
112 

78-539816 

80 
70 

100 
98 

By  Rules. 

sq.  circ.  98696044 

invert.      85970 

6908723 

888264 

49348 

7896 


78*54231  area. 


By  Rule  5. 
31*4159265  circoB.' 
562951413  invert 
94247779 
3141593 
1256637 
31416 
15708 
2827 
63 
19 
2 


88:7: 

:  986-96044 
7 

8 

6908723M 

11 

863-59038 

78-50821 
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Proh.  12.    To  find  tlie  Area  i>r  Hie  Sector  of  a  Ciwck. 

Rulel.  Multiply  the  radius,  or  half  the  diameter,  bvbalftba 
arc  of  the  sector,  for  the  area.  Or  take  ^  of  the  product  of  the  dia- 
meter and  arc  of  the  sector. 

JVb/tf.    The  arc  may  be  found  by  problem  10. 

Bule  2.  As  360  is  to  the  degrees  in  the  arc  of  the  sector,  to  is 
the  whole  area  of  the  circle,  to  the  area  of  the  sector. 

Ex.  What  is  the  area  of  the  sectoi*  CAB,  the  radius  being  10^  and 
the  chord  AB  16. 

100=AC« 
64=AE« 

36  (6=sCE 
10=CD 

4=DE 

16=DE« 
64=AE> 

80  (8-9442719=  AD. 
8 


715541752 
16 


3)  55-5541752 


2)  18-5180584  arc  ADB 

9-2590297  ^  half  arc 
10  =  radius 


92-590297  answer. 


,    Proh.  13.    To  find  the  Area  of  a  Segniettt  of  a  Circle. 

Rule,  Find  the  area  of  (he  sector  having  the  same  arc  with  the 
segment,  by  the  last  problem. 

Find  the  area  of  the  triangle,  formed  by  the  chord  of  the  segment 
and  the  tvro  radii  of  the  sector. 

Then  the  sum  of  the^  two  will  be  the  answer  when  the  segment  is 
greater  than  a  semicircle :  but  the  difierence  will  be  the  answer 
when  it  is  less  than  a  semicircle. 
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Ex.  Required  the  area  of  the  augment  ACBD,  its  choid  AB  bcag 
12^  and  the  radios  £A  or  CE  10. 

100  A£> 
36AD« 

64DE* 

its  rdot     8  DE 
from       lOCE 

2  CD 

4CJ> 
36  AD* 

40choidAO  6    AD 

8    DE 

its  root    6*324555  chord  AC  — 

8  48areaofAEAB 


50*596440 
12- 

3)38*59644 


2)12*86548  arc  ACB 

6*43274  i  arc 
10  radios 


64*3274  area  of  sect.  EACB 
480000  area  of  triangle  EAB 

ans.  16*3274  area  of  segm.  ACBA 


Prob.  14.    To  find  the  Area  of  a  Circular  Zone  ADCBA. 

Rule  1.  Find  the  areas  of  the  two  segments  AEB,  DEC,  and  ^tt 
difference  will  be  the  zone  ADCB. 

Mule  2.  To  the  area  of  the  trapezoid  DQP  add  the  area  of  tk 
small  segment  ADR;  and  doable  the  som  for  the  area  of  the  sose 
ADCB, 

Prob.  15.  To  find  the  Area  of  a  Circolar  Ring,  or  Space  inctodei 
between  two  Concentric  Circles* 

The  difference  between  the  two  circles  will  be  the  ring.  Or,  md- 
tiply  the  snm  of  the  diameters  by  their  difference,  and  moltiiiij  tte 
prodoct  by  *7854  for  the  answer. 

Ex,  The  diameters  of  the  two  concentric  circles  beii^ABl^ 
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and  DQ  6»  required  Uie  area  of  the  ring  containea  between  tb^r 
circumferences  AEBA^  and  BFGD. 

10  7854 

G  64 


som  16  31416 

dif.    4  47]  24 


64        50*2656  Aosr. 


Prob,  16.  To  measure  Ions  Irregular  Figures. 

Take  the  breadth  in  several  places  at  equal  distances.  Add  ail 
tae  breadths  together^  and  divide  the  sum  by  the  number  of  them» 
for  the  mean  breadth  ;  which  multiply  by  the  length  for  the  area. 

Ex.  The  breadths  of  an  irregular  figure,  at  five  equi-distaut 
places  being  AD  81,  mP7*4,  nq  9*2,  or  10*1,  BC86}  and  the 
leogth  AB  39  3  required  the  area. 

8  1' 
7-4 
9-2 
10-1 
8-6 

5)  43-4 

8-68 
39 

7812 
2604 

338*52  Ansr. 


MENSURATION  OF  SOLIDS. 

Prob.  ] .  To  find  the  Solidity  of  a  Cube. 

Cube  one  of  its  sides  for  the  contents ;  that  is,  multiply  the  side 
by  itself,  and  that  product  by  the  side  again. 
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JSr.  If  the  side  of  a  cube  be  24  inches,  vbat  is  its  solidity  or  eostcits! 

24 
24 


2304 
1152 

13824  Aosr. 
Proh.  2.  To  find  the  Solidity  of  a  Pbrallelopipedoii. 
Multiply  the  length  by  the  breadth^  and  the  products  by  the  de]«i 
or  altitude. 

Ex»  Required  the  contents  of  the  parallelopipedon  whose  lagtl 
AB  is  6^  its  breadth  AC  2,  and  altitude  BD  3. 
6 
2 

12 
3 

36  Ansr. 
Troh.  3.  To  find  the  Solidity  of  any  Prism. 
Multiply  the  area  of  the  base«  or  end,  by  the  height,  and  it  ^ 
give  the  contents. 

Which  rule  will  do,  whether  the  prism  be  triangular  or  square,  ff 
pentagonal,  &c.  or  round,  as  a  cylinder. 

Ex,  What  is  the  content  of  a  triangular  prism*  whose  lesffth  ii 
12,  and  each  side  of  its  equilateral  base  S  ^ 

Area  of  base,  28  x  12=336  contoits. 
Prob,  4.  To  find  the  Convex  Surface  of  a  Cylinder. 
Multiply  the  circumference  by  the  height  of  the  cylinder. 
Prob,  5.  To  find  the  Convex  Surface  of  a  Right  Cone. 
Multiply  the  circumference  of  the  base  by  the  slant  height,  ff 
lenffthof  the  side,  and  half  the  product  will  be  the  surface. 

Ex.  If  the  diameter  of  the  base  be  5  feet*  and  the  side  of  thi 
cone  18,  required  the  convex  surface. 
31416 

5 

157080  circumf. 

18 

125664 
15708 
2  )  282744 

141-372  Ansr. 
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Proh.  6,  To  find  the  Convex  Sarfaceof  the  Frastumof  a  Right  Cone. 
Mnltiply  the  sum  of  the  perimeter8  of  the  two  ends  by  the  slant 
lieigbt  or  side  of  the  frustnint  and  haJf  the  prodact  will  be  the  surface. 
Ex.  If  the  circnniferences  of  the  two  ends  be  12*5  and  10*3,  and 
the  slant  height  \A,  required  the  convex  surface  of  the  frustum. 
12-5 
10-3 

22-8 
14 

912 

228 

2  )  319-2 

159*6  ^nsr. 

Prob,  7.  To  find  the  Solidity  of  a  Cone,  or  any  Pyramid.      • 

Multiply  the  area  of  the  base  by  the  perpendicular  height  of  the 
area,  and  one-third  of  the  product  will  be  the  contents. 

Pr9b,  8.  To  find  the  Solidity  of  any  Frustum  of  a  Cone  or  Pyramid. 

Rule,  Add  together  the  area  of  the  base,  the  area  of  the  upper 
vnrface,  and  the  mean  proportional  between  those  areas ;  take  one- 
third  of  this  sum  for  the  mean  area,  which  multiplied  by  the  height 
vvill  give  the  contents.— Or,  for  a  cone,  take  the  square  of  each  dia- 
meter of  the  base  and  upper  surface,  and  the  product  of  these  two  di- 
ameters multiplied  together }  add  these  three  sums  together,  and 
multiplv  bv  '2618  for  the  mean  area,  which  multiply  as  before. 

Or,  if  the  circumferences  be  used  in  like  manner,  instead  of  their 
diameters,  the  multiplier  will  be  *02654. 

Ex.  What   is  the  content  of  the  frustum  of  a  cone,  whose  heighl 
18  20  inches,  and  the  diameters  of  its  two  ends  28  and  20  inches  ? 
Area  of  base  615*79 

Area  of  upper  surface  314*16 
Mean  proportional    439*84 

3  )  136979 

456-59        784  

20       1744 


28 

28 

20 

28 

20 

20 

224 

560 

400 

56 

784 
400 

— 

9131-80 


2618 

13952 
1744 
10464 

3488 

456-5792 

20 

9131-5840  Ansr. 
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Proh.  9.  To  find  the  Solidity  of  a  Wedge. 
To  the  length  of  the  edge  add  twice  the  length  oi  the  bade  orbne, 
and  reserve   the  sam  $  multiply  the   height  of  the  wedge  by  tk 
breadth  of  the  base ;  then  moltiply  this  proidact  by  the  resenred  sia, 
and  one-sixth  of  the  last  prodoct  will  be  the  contents. 

j&r.  What  is  the  contents  of  a  wedge,  whose  altitude  AP  ii  14 
inches,  its  edge  AB  21   inches,   and  the  length  of  its  base  DE  3f 
inches,  and  its  breadth  CD  4^  inches  \ 
21  14 

32  4+ 

32  — 

—  56 

85  7 

'     63 

85 

315 
504 

5355 
892'5  Ansr. 
Prob.  10.  To  find  the  Solidity  of  a  PrisuMMd. 
D^nition. — A  prismoid  differs  only  from  the  fmstomof  apynini 
in  not  having  its  opposite  ends  similar  planes. 

Rule,  Add  into  one  sum,  the  areas  of  the  two  ends  and  four  tiaes 
the  middle  section  paralle)  to  them,  and  one-sixth  of  that  som  irifl  be 
a  mean  area ;  and  being  multiplied  by  the  height,  will  gife  ikt 
contents. 

Note,-^The  length  of  the  middle  section  is  equal  to  half  the  sm 
of  the  lengths  of  the  two  ends ;  and  its  breadth  is  equal  to  hidf  tk 
sum  of  the  breadths  of  the  two  ends. 

Ex,  What  are  the  contents  of  a  prismoid  whose  ends  are  rec- 
tangles, the  length  and  breadth  of  the  one  being  14  and  12 }  as' 
the  corresponding  sides  of  the  other  6  and  4,  the  perpeadicolar  bdg^ 
being  30|  ? 

.14  10  6 

12  8  4 

168  80  24 

320 

168 

24 

6  )  512 
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Sb-ir^  mean  area. 
30|  height. 

2560 
42+ 

2602*6  Ansr. 


Prob,  n .  To  find  the  Confer  Surface  of  a  Sphere  or  Globe. 
Multiply  its  diameter  by  its  circumference. 

Noie.-^ln  like  manner  the  convex  surface  of  any  zone  or  segment 
is  founds  by  multiplying  its  height  by  the  whole  circumference  of  the 
sphere. 

£Jx.  Required  the  convex  superficies  of  a  globe,  whose  diameter 
or  axis  is  24. 

31416 

24  diami 


125664 
62832 


75-3984  circumf. 
24 


3015936 
1507968 


1809-5616  Ansr. 


Prok  12.    To  find  the  Solidity  of  a  Sphere  or  Globe. 

Mnltiply  the  cube  of  the  axis  by  *5236. 

Ex.  What  is  the  solidity  of  the  sphere,  whose  axis  is  K  ^ 

12 

12 

144 
12 

1728 
•5236 

10368 
5184 
3456 
8640 

904-7808  Anar. 


Digitized 


by  Google 


702  AFPBNDIX. 

Proh.  13.  To  find  the  Solidity  of  a  Spherical  Segment. 
To  3  times  the  square  of  the  radios  of  its  base  add  the  «iQare  of  ki 
height ;  then  multiply  the  sum  by  the  height,  and  the  product  a^Bi 
by  -5236. 

Ex.  Required   the  contents   of  a  spherical  segment,  its  bagbt 
AB  being  4,  and  the  radius  of  its  base  CD  8. 

8  4  -5236 

8  ,4  832 


64 

?6 

3 

.192 

192 

208 

4 

10472 
15708 
41888 

435-6352  Ansi. 


832 

Proh,  14.     To  find  the  Solidity  of  a  Spherical  Zone  or  Fnistn 
Add  together  the  square  ol  the  radius  of  each  end  and  -f  <^  ^ 
square  of  their  distance,  or  the  height  -,  then  moltiply  the  siw  ^ 
the  said  height,  and  the  product  again  by  1  '5708. 

Ex,    What  is  the  solid  contents  of  a  zone,  whose  greater  diaie 
ter  is  12,  the  less  8«  and  the  height  10  inches  ? 
6  4  10 

6  4  10 

36 


16 

3)  100 

36 

33t 

33* 

85-i- 
1-5708 

78540 
125664 
5236 

1340416 
10 

1340-416  Ansr. 

Proh.  15.  To  find  the  Surface  of  a  Circular  Spindle. 

Multiply  the  length  AB  of  the  spindle  by  the  radius  OC  of  tk  l^ 
volvins  arc.  Multiply  also  the  said  arc  ACB  by  the  centnl  £** 
tance  OE,  or  distance  between  the  centre  of  the  spindle  aadcotK 
of  tbe  revolving  arc.  Subtract  the  latter  product  from  the  foner, 
and  multiply  the  remainder  by  6*2832,  for  the  surface. 

Note.  The  same  rule  will  serve  for  any  segment  otwatetld 
perpendicular  to  the  chord  of  the  revolTiog  arc«   only  using  tie  ptf- 
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ticalar  length  of  the  part,  and  the  part  of  the  arc  which  describes  it> 
instead  of  the  whole  length  and  whole  arc. 

£jr.    Required  the   surface  of  a  circular  spindle,  whose  length 
AB  is  40>  and  its  thickness  CD  30  inches. 

Here,  by  the  remarks  at  pa.  688, 
The  chord  AC  =  \/  AE*  +  CE*  =  \/ 20«  -f  15«  =  25, 
and   2  CE  :  AC  :  :  AC  :  CO  =fi*  =20-j., 
hence  OB  =  OC  -  CE  =  20-J-  -  15  =  5^. 
Also,  by  problem  10,  mle  2,  pa.  693 
25  AC 
.8 


200 

.40  AB 

3)  160 

53^  arc  ACB 

Then. 

by  oar  mle. 

20i 

53X 

40 

H 

800 

266f 

33i 

44f 

833+ 

3114- 

311i 

■  1 

522ior 

522  2  or  ''^OO 

6*2832 

Or  thus, 

6*2832 

10444 

4700 

156666 

4177777 

439«24 

10444444 

251328 

313333333 

9)29531*04 

3281-22666 

3281-226  1 

Frob.  16.     To  find  the  Solidity  of  a  Circular  Spindle. 

Multiply  the  central  distance  OE  by  half  the  area  of  the  revoling 
segment  ACBEA.  Subtract  the  product  from  -jr  of  the  cube  of  EA, 
hsdf  the  length  of  the  spmdle.  Then  multiply  the  remiunder  by 
12*5664,  or  4  times  3*1 41 6,  for  the  whole  contents 
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Ex.  Required  the  ooDtents  of  the  circular  fpindle/  whoielaif& 
AB  is  40^  and  middle  diameter  CD  30. 

By  the  work  of  the  last  problem. 


wehaveOEs    6^ 

20  half  length 

and  arc  AC  =  26^ 

20 

and  rad.  00  =  20^ 

400 

533+ 

20 

22-1- 

— • 

3)  8000 

Sector  OACB       fl55i 

AExOE=OABilH 

266e^ 

1280i 

2)4384- 

— 

13864- 

iseg.  ACE    219^ 

OE        5^ 

or  1386-44 

4665*21  mnlt  infer. 

1097^ 

183  nearly 

138644 

27739 

1280^ 

6932 

832 

83 

5 

17423-5  Ansr. 

Proh.  17.  To  find  the  Solidity  of  the  Middle  Frastom  orZsM 
of  a  Circular  Spindle. 

From  the  square  of  half  the  length  of  the  whole  sjnndle,  tifaf 
of  the  square  of  half  the  length  of  tne  middle  frustum »  and  nnltip^ 
the  remainder  by  the  said  half  length  of  the  frnatura*— — Moll^ 
the  central  distance  by  the  revolving  area^  which  ffenomCet  the  wdr 
die  frustum. — Subtract  this  llTtter  product  from  the  former;  aadtW 
remainder  multiplied  by  6*2832,  or  twice  3*1416,  will  gin  (k 
contents. 

Ev,  Required  the  solidity  of  the  frustum,  whose  length  ■  i  i* 
40  inches,  also  its  greatest  diameter  EF  is  32,  and  least  diiMte 
AD  or  BC  24. 

Draw  DO  parallel  to  m  n,  then  we 

have    DO  =  4m  n  =  20, 
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•Bd     EG  s  iEP  -  4AD  =  4> 
diord  DE*s  DG*  +  GE«  =  41S. 

•Bd    DE*  1.  EG  =  ^=,  IM  the  diainet«r  of  tlie  generatiiig 

circle, 
or  die  radios  OE  s=  52, 

hence  01  =s  52  -  16  s  36  the  central  distance, 
and  HI*  s  0H«  -  01*  s  52«-  36«  =s  1408, 
|DGt=^of400=        ..         ..     I33i, 


DG       ..         .. 

25493+ 

■  1st.  prod. 

GE  ^  2  OE  =  jp=  i=  -03846  a  ver.  sine 

Its  tab.  segment  . .  '00994 

Imtl04«        is  ..  10816 

«rea  of  s^.  DECGD  107*51 104 

m  D  X  ma  rs  12  X  40  480* 


geoer.  area  a  DEC  n  587*5 1 104 

01  36 


21150-39744  2d  product 
25493*33333  Ist  prodoct 

4342*93589 
2382*6        molt.  in?. 


27287*5  Ansr. 


Frob.  18.  To  find  the  Soperfides  or  Solidity  of  any  Regnlar  Body. 

1.  Mnltiphr  the  tabular  area  (token  from  the  foUowing  taUe)  by 
the  mfLTt  of  the  linear  edge  of  the  body  for  the  snperfioes. 

2.  Multiply  the  tabular  solidity  by  the  cube  of  the  linear  ^dn. 
Cor  the  solid  cootents. 


3Z 
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Surfaces  and  Solidities  of  Regnlar  Bodies.          | 

No.  of 
Sides 

Names 

Sarfaees 

Solidities 

4 

6 

8 

12 

?9 

Tetraedron 

HexaedroQ 

OcUedroo 

DodecaedroD 

leosaedron 

1-73205 
600000 
3-46410 
2064573 
866025 

0-11785 
1-00000 
0*47140 
7*66312 
2-18169    1 

Ex*  If  the  linaar  edge  or  side  of  a  tetraedron  be  3,  repaired  ill 
iorfiice  and  solidity. 

The  square  of  3  is  9^  and  the  cnbe  27».    Theo, 
Ub.  sor.  1*73205  0*11785  tab.  soL 

9  27 


soperf.   15-58845 


82495 
23570 


soKdity  3*18195 

Prob.  19.  To  find  the  Sorface  of  a  Cylindrical  Ring. 

This  fiffnre  being  only  a  cylinder  bent  round  into  a  ring,  its  snfHi 
and  solidity  may  l^  found  as  in  the  cylinder^  namely,  by  nsvltiplyiig 
^e  axis,  or  length  of  the  cylinder,  by  the  circumference  of  the  ring 
or  section,  for  the  surface ;  and  by  the  area  of  a  section^  for  the  ss- 
lidity.    Or  use  the  following  rales  : 

For  the  surface.- ^To  the  thldcness  of  the  ring  add  the  mg 

diameter ;  multiply  this  sirai  by  the  thickness,  and  the  pcodoct  9§m 
by  98696, or  the  square  of  3*1416. 

Ex.  Rcanired  the  superficies  of  a  ring,  whose  tfaidnets  AB  if  3 
inches,  and  inner  diameter  BG  is  12  inches. 
12  9*8696 


14 
28 


789568 
197392 


276-3488  Ansr. 
/Vod.  20.  To  find  the  Solidity  of  a  Cylindrical  Ring. 
To  the  tJiickness  of  the  ring  add  the  inner  diameter ;  thea  muhiiilf 
the  sum  by  the  square  of  the  thickness,  and  ^Ib  pr^docf  again  by 
2^674,  dr  ^  of  the  square  of  3*141 6,  for  the  solitfity. 

Ex,  Required  the  solidity  of  the  ring  whose  thidmest  is  i  iDcki, 
and  ita  inner  diameter  12. 

12  2*4674 

2  56 


14 

148044 

4 

123370 

56 

138*1744  Ann*. 
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Compounds  qf  Metals* 
JhMle  MeiaL^Vo.  1. 

4  oz.  of  bisoiiith^ 


2|  oz.  of  lead^  and 


J  oz.  of  tin. 
Pot  the  Usmnth  into  a  cmcible^  and,  when  it  is  melted,  add  the  lead 
and  tin.  This  will  fom  an  alloy  fdsible  at  the  temperature  of  boiling 
water. 

No.  2.— —  1  02.  of  zinc, 

1  oz.  of  bismuth,  and 

1  01.  of  lead. 

This  alloy  is  so  very  fusible,  that  it  will  remain  in  a  state  effusion  if 
put  on  a  sheet  of  ptper,  and  held  over  the  flame  of  a  candle  or  lamp. 
No.  3.«~-d  parts  of  lead, 

2  parts  of  tin,  and 
5  parts  of  bismuth, 

will  form  an  aUoy  fusible  at  197^  Fahrenheit^  peculiarly  i^plicable 
to  casting,  or  the  taking  of  impressions  from  gems,  seals,  &c.  In 
making  casts  with  this  and  similar  alloys,  it  is  necessaq^  to  use  the 
loetal  at  as  low  a  temperature  as  possible;  otherwise,  the  water  ad^ 
hering  to  the  things  from  which  the  casts  are  to  be  taken,  forms 
vapour,  aud  produces  bubbles.  The  fused  metal  should  be  poured 
into  a  tea-cnp,  and  allowed  to  cool,  till  just  ready  to  set  at  the  edges, 
when  it  must  be  poured  into  the  mould.  In  taking  impressions  from 
ffcms,  seals,  &c.  Uie  fused  alloy  should  be  placed  on  paper  or  paste* 
board,  and  stirred  about  till  it  has,  by  cooling,  attained  the  consis- 
tence of  paste,  at  which  BM>ment  the  die,  ^em^  or  seal  should  be 
stamped  on  it,  and  a  very  sharp  impression  mil  then  be  obtained. 
Balk  MeicU,  is  a  mixture  of 

4^  oz.  of  zinc4  with 
1  lb.  of  brass. 
Brass  is  composed  of 

41  lb.  of  copper,  and 
]|lb.  of  zinc 
But  brass  that  is  to  be  cast  into  plates,  from  which  pans  and  kettles 
are  to  be  made,  and  wire  is  to  be  drawn,  must,  instead  of  using  the 
zinc  in  a  pure  state,  be  composed  of 

56  lb.  of  the  finest  calaminoy  or  ore  oiAne,  and 
34  lb.  of  copper. 
2Z2 
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Old  brasSj  which  has  been  freqaently  exposed  to  tfie  acUio  of  ire, 
when  mixed  with  the  copper  and  caUmine^  renders  the  brass  Cir  man 
ductile,  and  fitter  for  the  making  of  fine  wire,  than  it  wooM  be  witk* 
oat  it  i  bat  the  German  brass,  particoiarly  that  of  Norembaigh,  is, 
when  drawn  into  wire,  said  to  be  far  preferable  to  any  made  in  Eng- 
land, for  the  strings  of  musical  instroments. 

Pinchbeck* — No.  U 

5  oz.  of  pure  copper,  and 

1  02.  of  sine. 

The  zinc  must  not  be  added  till  the  copper  is  in  a  state  of  ham. 
Some  use  only  half  this  quantity  of  zinc,  in  which  proportioo  tk 
alloy  is  more  easily  worked,  especially  in  the  nfaking  oif  jewellery. 

No.  2.— 1  02.  of  brass, 

2  02.  of  copper. 
Posed  together,  under  a  coat  of  charcoal  dost. 

Prince  sMetal.--^o  A. 

3  02.  of  copper,  and 

1  02.  of  2inc. 

Or,  8  02.  of  bras8>  and 
']  oz.  of  2inc. 
No.  2.         i  02.  of  copper,  and 

2  02.  of  ^nc. 

In  this  last,  the  copper  must  be  fused  before  the  zinc  is  added. 
When  they  ha?e  combined,  a  very  beaotiful  and  useful  alloy  is  foaed, 
called  Prince  Rupert's  metal. 

BeU  Me/a/.— No.  1. 

6  parts  of  copper,  and 
2  parts  of  tin. 

These  proporti<m8  are  tbie'  most  approved,  for  bells,  thronghcNit  Eu- 
rope, and  in  China.  In  the  union  of  the  two  metals,  the  conbiaatMB 
is  so  complete,  that  the  specific  gravity  of  the  alloy  is  greater  tte 
that  of  the  two  metals  in  an  uncombioed  state. 
No.  2.~— 10  parts  ot  copper,  and 
2  parts  of  tin. 

It  may,  in  general,  be  observed,  that  a  less  proportion  of  da  ii 
used  for  making  church-bells  than  dock  bells  -,  and  that  a  iittk  sisc 
is  added  for  the  bells  of  repeating  watches,  and  other  small  bdls. 

Tuiania,  or  Britannia  Metal. — No.  1. 

4  02.  of  plate  brasa,  and 

4  02.  of  tin  ;  when  in  lasion,  add 

4  02.  of  bismuth,  and 

4  02.  of  regulus  of  antimony. 

This  b  the  composition,  or  hardening,  that  is  to  be  n&led,  at  db- 
cretion,  to  mdted  tin,  until  it  has  acquired  the  requisite  dcysc  d 
colour  and  hardness. 

No.  2.— Melt  together,  2  lb.  of  plate  brass, 
2  lb.  of  tin. 
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2  lb.  of  bismnth, 
2  lb.  regulus  of  antimonyy 
2  lb.  of  a  mixture  of  copper  and  artenic« 
either  by  cementation  or  melting. 

This  composition  is  to  be  added^  at  discretion,  to  melted  tin. 

No.  3. 1  lb.  of  copper, 

1  lb.  of  tin,  and 

2  lb.  of  regnlns  of  antimony,  with  or  without  a 

little  bismnth. 

No.  4.— 8  oz.  of  shmff  brass, 

2  lb.  regnlns  of  antimony*  and 
10  lb.  of  tin. 

iStrmmn  Tuiania. 

2  drachms  of  copper* 

1  oz.  regnlns  of  antunony*  and 
12  oz.  of  tin. 

Spanish  TWoiita.— No.  1. 

8  oz.  of  scrap  iron  or  steel* 
I  lb.  of  antimony*  and 

3  oz.  of  nitre. 

The  iron  or  steel  mnst  be  heated  to  a  white  heat,  and  the  antimony 
and  nitre  must  be  added  in  small  portions.  Melt  and  harden  1  lb.  o{ 
tin  with  2  oz.  of  this  compound. 

No.  2. — Mdt  together,  4  oz.  of  antimony, 

1  oz.  of  arsenic,  and 

2  lb.  of  tin. 

The  first  of  these  Spanish  alloys  woald  be  a  beautiful  metal  if  ar- 
senic were  added. 

Engeslroom  Tuiania. 

4  parts  copper, 

8  parts  regulus  of  antimony*  and 
1  part  bismuth. 

When  added  to  100  parts  of  tin,  this  compound  will  be  ready  for  use. 

Quefn'i  3fe/d/.— No.  1. 

*  lb.  of  tin, 
I  lb.  bismuth* 
^  lb.  antimony*  and 
]  lb.  kad. 

This  alloy  is  used  for  the  making  of  tea-pots,  and  other  vessels* 
which  are  required  to  imitate  silver.    It  retains  its  lustre  to  the  last. 

No.  2. 100  lb.  of  tin, 

8  lb.  regulus  of  antimony* 
1  lb.  bismnth*  and 
4  lb.  copper.. 
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10<».oflead> 

6  OS.  of  btsmiith,  and 

4  dradunt  regoins  of  antunony. 

No.  2.— —-2  lb.  of  regoliu  of  antunony, 
8  oz.  of  brass^  and 
10  oz.  of  till. 

CmmanHard  Whiie  MeUd. 

1  lb.  of  Inrats, 
1|  oz.  of  zinc,  and 
I  oz.  of  ti9» 

Tombac.  16  lb.  of  copper, 

1  lb.  of  tin,  and 
1  lb.  of  zinc* 

Red  Tombac.  ii  lb.  oi  copper,  and 

{ lb.  of  zinc 

The  copper  nrost  be  fased  in  the  cmdble  before  the  siiic  ie  MtL 
This  alloy  u  of  a  reddish  cdoor,  and  possesses  more  hulre,  and  k  d 
greater  durability,  than  copper. 

WluU  Tomhac^        Copper  and 

Arsenic, 
jt  together  in  a  cmdble,  and  mdted,  covering  the  snrfiioe  witfc  ■§- 
late  of  soda,  to  prevent  oxidation,  will  form  a  white  brittle  aDsy. 

GiPi  MeiaL—^o.  1.  1 12  lb.  of  Bristol  brass^ 
14  lb.  zinc,  and 
7  lb.  block  tin. 

No.2^— — 9  parts  cc^per,  and 
1  part  tin* 
The  above  compounds  are  those  used  in  the  mannfietare  of  uui 
and  great  brass  guns,  swivels,  &c. 

Blanched  Copper.        8  oz.  of  copper,  and 

I  oz.  of  neutral  arsenical  salt, 
fused  together,  under  a  dux  composed  of  calcined  borax,  Aued 
dust,  and  fine  powder  glass. 

SpecuU  of  Telescopes. 

7  lb.  of  copper,  and  when  fused,  add 

3  lb.  of  zinc,  and 

4  lb.  of  tin. 

These  metals  will  combine  and  form  a  beautiful  alloy  of  gieal  Jaitfe^ 
and  oi  a  light  yellow  colour,  fitted  to  be  made  into  specula  ke  Isltf- 
copes.  Mr.  Mndge  used  only  copper  and  grain  tin,  in  the  pcopocte 
of  two  pounds  to  fourteen  and  a  half  ounces.    . 

KustUien*s  Metal  for  Tinning. 

To  1  lb.  of  malleable  iron,  at  4  white  beat,  «dd 
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•    5  OS.  of  regains  of  an^mony,  and 
24  lb.  of  the  purest  Molncca  tin. 
This  alloy  polishes  withoat  the  hloe  tiiUi  and  is  £ree  from  lead  or 
irsenic. 
Metal  for  Flute-key  Vahet. 

4  oz.  lead,  and 
2  oz.  antimoay^ 
llised  in  a  crucible^  and  cast  into  a  bar>  forms  an  alloy  of  considerable 
tiardness  and  Instre.    It  is  nsed  by  Ante  mannfiacturers  (when  turned 
into  •  small  buttons  in  a  lathe,)  for  making  valves  to  slop  the  key " 
tioks  of  Antes... 
PtinUrs  Types.    •  10  lb.>of  lead,  and 
2  lb.  of  antimony. 
The  antimony  mnst  be  thrown  into  the  crucible  when  the  lead  is  in 
I  state  of  fusion.    The  antimony,  gives  a  hardness  to  the  lead^  without 
H^liich,  the  type  wodd  speedily  be  rendered  nsekss^  in  a  printing 
[>ress.    Different  proportions  of  lead,  copper,  brass*  and  antimony, 
fk«quentiy  constitute  this  metal.     Every  artist  has  his  own  propori^ 
tions,  so  thai  the  same  composition  cannot  be  obtained  from  differept 
Ibosdnes  3  each  boasts  of  the^ superiority  of  his  own  mixtnre.., 
Small  Types  and  JStereoiypePlates.'^^oA.  . 
>     .  ....   9  lb.' of  lead,,  and  when-melted,  add 

2  lb.  of  antimony,  and 

1  lb.  of  bismuth. 

This  alloy  expands  as  it  cools,  and  is,  therefore,  well  suited  for  tfa^ 
formation  of  small  printing  types,  (particularly  when  many  are  cast 
together,  to  form  stereotype  plates,;  as  the  whole  of  the  mould  is 
iccnrately  filled  with  the  alloy  |  consequently,  there  can  be  no  ble* 
nish  in  the  letters. 

No.  2.—— 8  parts  lead, 

2  parts  antimony,  and 
^  part  tin.. 

For  the  manufacture  of  stereotype  plates,  plaster  of  Paris,  of  the 
:onsistenoe  of  a  batter  pudding  before  baking,  is  poured  over  the  let- 
^-press  page,  and  worked  ioto  the  interstices  of  the  tyjies,  with  a 
nnsh.  It  is  then  collected  from  the  sides,  by  a  slip  of  iron  or  wood, 
(O  as  to  lie  smooth  and  compact.  In  about  two  minutes,  the  whole 
■ass  is  hardened  into  a  solid  cake.  This  cake,  which  is  to  serve  as 
:he  matrix  of  the  stereotype  plate,  is  now  put  upon  a  rack  in  an  oven, 
irhere  it  undergoes  great  beat,  so  as  to  dri?e  off  superfluous  moisture. 
iVhen  ready  for  nse,  these  moulds,  according  to  their  size,  are  placed 
A  £kt  cast-iron  pots,  and  are  covered  over  with  another  piece  of 
»st-iron,  perforated  at  each  end,  to  admit  the  metallic  composition 
ntended  for  the  preparation  of  the  stereotype  plates.  The  flat  cast* 
Toa  pots  are  now  fastened  in  a  crane,  which  carries  them  steadily  to 
;he  metallic-bath,  or  melting-pot,  where  they  are  immersed,  and 
tept  for  a  considerable  time,  natil  all  the  pores  and  crevices  of  the 
nonld,  are  completely  and  accarately  filled*  When  this  has  taken 
t»Uce>  the  pots  are  elevated  from  the  foath#  by,  working  the  crane,  and 
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I  o?er  a  water-troogli,  to  oool  gnojuXtf.     Whei  cold,  iki 


#lioie  18  turned  <mt  of  the  pots,  and  tEe  plaster  ben^  aepantod^  hf 
hammering  and  washing,  the  i^tes  are  ready  for  use,  hafhig  reocM 
the  most  exact  and  perfect  impression. 

MetaUk  Casts  from  Engravings  on  Copper. 
A  most  important  discoverjr  has  lately  been  ma^,  whidi  nronses 
to  be  of  considerable  utility  in  the  fine  arts :  some  very  besHiy 
spedmens  of  metallic  plates,  of  a  peculiar  compositioii,  bate  klslj 
wpipeutA,  under  the  nama  of  ''  cast  enflravings."  This  invsatHi 
consists  in  taking  moulds  from  every  kind  of  engrarags,  with  fisc^ 
mezsotintOy  or  aqnatinta,  and  pouring  on  this  mould  an  alby*  ist 
state  of  fusion,  capable  of  taking  the  &est  impression.  The  obfiMi 
utility  of  this  invention,  as  i^phcable  to  engravings  which  OMet  wA 
a  ready  sale,  and  of  which  great  numbers  are  required,  v^i  be  ma^ 
culable  i  as  it  will  wholly  prevent  the  expense  oi  retraciiig,  wttd 
forms  so  prominent  a  chaige  in  all  works  of  an  extended  ade.  Ni 
sooner  is  one  cast  worn  out^  than  toother  may  be  immediatdy  pii^ 
cured  from  the  original  plate,  so  that  every  impression  will  be  a 
proof.  Thus,  the  works  of  our  most  celebrated  artists  may  be  hsaM 
down,  ad  U^finihiM,  for  the  improvement  and  delist  of  nitore  sgei, 
and  will  afiford,  at  the  same  time,  the  greatest  satisfiKtion  to  cvci; 
lover  of  the  fine  arts. 

Common  Pewter.    71b.  of  tin, 

1  lb,  of  lead, 

6  oz,  of  copper,''ttnd       % 

2  oz.  of  zinc. 

The  copper  must  be  fused  before  the  other  ingredients  are  adM 
This  combination  of  metals  will  form  in  alloy  of  great  duralnlity  aid 
tenacity  ;  also,  of  considerable  lustre. 

Best  Pewter,       100  parts  tin,  and 

17  parts  regulns  of  antimony. 

Hard  Pewter,       12  lb.  of  tin, 

1  lb.  regulns  of  antimony,  and 
4  oz.  of  copper. 

Common  Solder.      2  lb.  of  lead,  and 
1  lb.  of  tin. 

The  lead  must  be  melted  before  the  tin  is  added.  This  alloy,  «ta 
heated  by  a  hot  iron,  and  apptied  to  the  tinned  iron  f»ith  powdered  nais, 
acts  as  a  cement  or  solder;  it  is  also  used  to  join  leaa  pipes,  Itc.  Ac 


Sqft  Solder.  2  lb.  of  tin,  and 

1  lb.  of  lead. 

Solder  for  Steel  JoinU. 

19  dwts.  of  fine  silver, 

1  dwt.  copper,  and 

2  dvts.  bfaas. 
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melted  together  under  a  coat  of  charcoal  dost  Thia  solder  powossaa 
scTeral  advantages  over  the  usual  zinc  soda,  or  brass,  when  employed 
in  soldering  cast  steel,  &a  as  it  fuses  with  less  heat»  and  its  white* 
ness  has  a  better  appearance  than  brass. 

Silver  Solder /or  Jewellers* 

19  dwts.  of  fine  silver, 
1  dwt.  copper,  and 
10  dwts.  brass. 

Silver  Solder  Jor  Plating. 

10  dwts.  brass,  and 

1  02.  pure  silver. 

GM  Solder.  12  dwts.  pore  gold, 

2  dwts.  pure  silver,  and 
4  dwts.  copper. 

Brass  Solder  for  Iron, — ^Thin  plates  of  brass  are  to  be  melted  be- 
tween the  pieces  that  are  to  be  joined.     If  the  work  be  very  fine, 
as  when  two  leaves  of  a  broken  saw  are  to  be  brazed  together,  ^aover 
it  with  polverized  borax,  melted  with  water,  that  it  may  incorporate 
with  the  brass  powder,  which  is  added  to  it :  the  piece  must  be  then 
exposed  to  the  fire,  without  touching  the  coals,  and  heated  till  the 
brass  is  seen  to  run. 
JBronxe.— 7  lbs.  pure  copper, 
3  lbs.  zinc,  and 
2  lbs.  tin. 
The  copper  most  be  fused  before  the  other  ingredients  are  added. 
These  metals,  when  combined,  form  the  bronze  so  much  used,  both 
in  ancieot  and  modern  times,  in  the  formation  of  busts,  medals,  and 
statues. 
Composition  of  ancient  Statues, 

According  to  Plinv,  the  metal  used  by  the  Romans  for  theur  sta- 
tues, and  for  the  plates  on  which  they  engraved  inscriptions,  was 
composed  in  the  fdAowing  manner.  They  fwst  melted  a  quantity  of 
copper,  into  which  they  put  1-dd  of  its  weight  of  old  copper,  which 
had  been  long  in  use  ;  to  every  lOOlbs.  weishtof  this  mixture,  they  ' 
added  12^  lbs.  of  an  alloy  composed  of  equalparts  of  lead  and  tm. 

Mock  PAUtna.— Melt  together 

8  oz.  of  brass,  and 
5  oz.  of  zinc. 

Usefid  alloy  of  Gold  with  Platinum, 

7\  dr.  pure  gold,  and 
§  dr.  platinum. 
The  platinum  must  be  added  when  the  gold  is  perfectly  melted.    The 
two  metals  will  combine  intimately,  forming  an  alloy  rather  whiter 
than  pare  gold,  bot  remarkably  ductile  and  elastic ;  it  is  also  kss 
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peiiBhaUedMB  pore  goldt  or  jeweller*!  gold:  but  more  reidOj  Mil 
then  that  metml. 

These  exeeUeaiqttalitiet.  most  render  this  aOoj  aaohgectefgRit 
interest  to  workers  in  metsJs.  For  springs,  where  steel  csmot  be 
used,  it  will  prove  ezceediDgly  adraoUigeoas. 

It  is  a  corioiis  circiim8taiice«  that  the  alloy  of  gold  aad  platiaiii 
soluble  IB  nitric  acid»  which  does  not  act  on  either  of  the  metak  iia 
separate  state.  It  is  remarkable,  too,  that  Uie  alloy  has  Tcry  aedf 
thecoloorof  plationni,even  when  composed  of  ele?e&  parts  of  gpU  to 
one  of  the  former  metal. 

Ring-gold.  6  dwts.  12  grs.  Spanish  copper, 

3  dwts.  15  grs.  fine  silver,  and 
1  OS.  5  dwts.  gold  coin. 

Goldjrom  35#.  to  40#.  per  ounce. 

8  oz.  8  dwts.  Spanish  coffer, 
10  dwts.  fine  silver,  and 
1  oz.  gold  coin. 

Manheiti^goUk  or  Similor. 

34-os.  ofo^iper, 
14^01.  of  brass,  and 
15  gr.  of  pnre  tin. 

Gildings  Meial.  4  parts  of  copper, 

1  part  of  Bnstolold  brass,  and 
14  oz.  of  tin  to  every  ponnd  of  coj^ier. 

Fhr  amm»n  jewellery  .3  parts  of  copper, 

1  part  of  Bristol  old  brass,  and 

4  oz.  of  tin  to  every  pound  of  eopper. 

If  this  alloy  is  for  fine  polishing,  the  tin  may  be  omitted,  and  a  nil* 
tnre  of  lead  and  antimony  snbstitnted.  Paler  polishii^  metd  ii 
made  by  redocing  the  copper  to  two  or  to  one  part. 

Yellow  Dipping  jifete/.— No  1. 

2  parts  of  Cheadle  brass, 

1  part  of  copper,  with  a  little 
Bristol  old  brass,  and 
I  oz,  of  tin  to  every  pound  of  copper^ 
This  alloy  is  almost  of  the  colour  of  gold  coin.     Cheadle  brass  is  fk 
darkest,  and  gives  the  metal  a  greenish  hue.    Old  Bristol  buff  < 
pale  and  yellow. 

No.  2. — 1  lb.  of  copper,  and 

5  oz.  of  zinc. 

The  copper  should  be  tough  cake,  and  not  tile. 

When  antimony  is  used  instead  of  tin,  it  should  be  in  smia 
quantity,  or  the  metal  will  be  brittle. 

Imitation  ofSiher,     f  oz.  of  tin,  and 

1  lb.  of  copper. 
Will  make  a  pale  bell-metal,  which  wiD  roll  and  ring  veiy iflsrli 
steriing  silver. 
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PREPARATION  OF  FOILS. 

Foils  are  thin  plates  or  leases  of  metal  that  are  pnt  ODder  stooes^ 
or  oompositiona  in  imitation  of  atones,  when  they  are  set. 

The  intention  of  foils  is  either  to  increase  the  instre  or  play  of  the 
stoneSf  or  more  generally  improve  the  colonr^  by  ffiving  an  addition^ 
force  to  the  tiagov  whether  it  be  natural  or  artificial^  by  that  of  a 
groood  of  the  same  hue,  which  the  foil  is  in  this  case  maoe  to  be. 

There  are  eonseqnently  two  kinds  of  foils  ;  the  one  ia  colonrless, 
where  the  effect  of  giving  lostre  or  play  to  the  stone. is  produced  by 
the  poMsh  of  the  8arface>  which  makes  it  act  as  a  mirror,  and,  by 
reflecting  the  light,  prevents  that  deadness  which  attends  the  living  a 
dnDer  gronod  under  the  stone,  and  brings  it,  by  the  double  re(raction 
of  the  light  that  is  caused,  nearer  to  the  effect  of  the  diamond.  The 
other  is  coloured  with  some  pigment  or  stain  of  the  same  hue  as  the 
stone,  or  of  some  other  which  is  intended  to  modify  and  change  the 
hoc  of  the  stoue  in  some  degree ;  as,  where  a  yellow  foil  may  be  put 
imder  green,  which  is  too  much  inclining  to  the  blue,  or  under  crimsoo, 
where  it  is  desired  to  have  the  appearance  more  orange  or  scarlet. 

Foils  may  be  made  of  copper  or  tin  ;  and  silver  has  been  some^ 
times  used,  with  which  it  has  been  advised,  for  some  purposes,  to 
BIX  gold,  but  the  expense  of  either  is  needless,  as  copper  may  be 
made  to  answer  the  same  end. 

To  prepare  Copper  for  Foi/j.— Where  coloured  foils  are  wanted, 
M>pper  may  therefore  be  best  used,  and  may  be  prepared  for  the 
xirpose  by  the  following  means. 

Take  copper  plates  beaten  to  a  proper  thickness,  and  pass  them 
letwixt  a  pair  of  fine  steel  rollers  very  close  set,  and  draw  them  as 
hin  as  is  possible,  to  retain  a  proper  tenacity.  Polish  them  with  very 
ine  whiting,  or  rotten-stone,  till  they  shine,  and  have  as  mucn 
brightness  as  can  be  given  them,  and  they  will  then  be  fit  to  recdve 
he  colonr. 

To  whiten  Foils.^^Where  the  yellow,  or  rather  orange-colour  of 
tie  ground  would  be  injurious  to  the  effect,  as  in  the  case  of  pur- 
les,  or  crimson  red,  the  foils  should  be  whitened,  which  may  be 
one  by  the  following  manner. 

Take  a  small  quantity  of  silver,  and  dissolve  it  in  aqua-fortii,  and 
len  pat  bits  of  copper  into  the  solution,  and  precipitate  the  silver  ; 
inck  being  done,  the  fluid  mast  be  poured  off,  and  fresh  water 
Ided  to  it,  to  washacvay  all  the  remainder  of  the  first  fluid  j  after 
hich  the  silver  must  be  dried,  an  equal  weight  of  cream  of  tartar  and 
»mmon  salt  must  then  be  ffround  with  it,  till  the  whole  is  reduced  to 
i^ery  fine  powder  9  and  with  thia  mixture  the  foils,  J[>eing  first  slight- 
moieteneid,  must  be  rubbed  by  the  hnger,  or  a  bit  of  linen  rag, 
1  tbey  be  of  Uie  degree  of  whiteness  desired  ;  after  whidi«  if  it 
Mar  to  be  wanted,  the  poliah  muat  be  r^reshed. 
Tbe  tin-foils  are  only  used  in  the  case  of  oolourleaa  stones,  where 
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quicksilver  is  employed ;  and  they  may  be  drawn  cmt  by  the 
rollers^  bat  need  not  be  farther  polished,  so  that  effect  is  prodaeed 
by  other  means  in  this  case. 

Foils  for  crvsialst  pebbles,  or  paste,  to  give  the  lustre  arndplai^ 
dttfmoff(u.— -The  manner  of  preparing  foils,  so  as  to  gire  cokori'v 
stones  the  greatest  degree  of  play  and  lustre,  is  by  raudiig  so  Ingh^ 
polish  or  smoothness  on  the  surface,  as  to  give  them  the  effect  d  t 
mirror,  which  can  only  be  done,  in  a  perfect  manner,  by  the  use  d 
quicksilver,  applied  in  the  same  general  way  as  in  the  case  of  iosl> 
ing-glass.  The  method  by  which  it  mav  be  best  performed  is  as  foQQ*vi. 

Take  leaves  of  tin»  prepared  in  the  same  manner  as  for  silvera| 
looking-glasses,  and  cut  them  into  small  ^eoes  of  vaA  dat  s  ts 
cover  the  surface  of  the  sockets  of  the  stones  that  are  to  be  set,  iMf 
three  of  these  then,  one  upon  another,  and  having  aoisteaed  ^w* 
side  of  the  socket  with  thm  gum-water,  and  su&red  it  to  beooae 
again  so  dry,  that  only  a  slight  stickiness  remains,  put  the  dm 
pieces  of  leaves,  lying  on  each  other,  into  it»  and  adapt  them  to  lit 
surface  in  as  even  a  manner  as  possible.  When  this  is  done,  heat  Ai 
socket,  and  fill  it  with  warm  quicksilver,  which  must  be  aufleced  to 
continue  in  it  three  or  four  mrautes*  and  then  gently  poured  oiL 
The  stone  must  then  be  thrust  into  the  socket,  and  closed  witk  % 
care  having  been  taken  to  give  such  room  for  it  that  it  may  enlcr 
without  stripping  off  the  tirt  and  quicksilver  from  any  part  of  Ik 
surface.  The  work  should  be  well  closed  round  the  stone,  to  fK- 
veot  the  tin  and  quicksilver  contained  in  the  socket  from  bong  ^ua 
out  by  any  violence. 

The  lustre  of  stones  set  in  this  manner,  will  continue  loiter  tha 
when  they  are  set  in  the  common  way,  as  the  cavity  round  thm 
t»eing  filled,  there  will  be  no  passage  found  for  moisture,  ^Nrhicft  it  » 
injurious*  to  the  wear  of  stones  treated  in  any  other  way. 

This  kind  of  foil  likewise  gives  some  lustre  to  glass  or  other  I 
parent  matter,  which  has  little  of  itself;  but  to  stones  or  pi 
that  have  some  share  of  play,  it  gives  a  most  beautiful  britliBiioeL 

To  colour  Foils, — ^Two  methom  have  been  invented  for  ooioanaf 
foils  :  the  one  by  tinging  the  surface  of  the  copper  of  the  colear  re- 
quired by  means  of  smoke,  the  other  by  stmning  or  paintii^  it  viA 
some  pigment  or  other  colouring  substance. 

The  colours  used  for  painting  foils  may  be  tempered  mith  eitbr 
oil,  water  rendered  duly  visad  by  gum-arabic,  siie,  or  varaal. 
Where  deep  colours  are  wanted,  oil  is  most  proper,  becanae  soae 
pigments  become  wholly  transparent  in  it,  as  lake,  or  PkTwitian  Use ; 
the  yellow  and  green  may  be  better  laid  on  in  varnish,  as  these  c^ 
lours  may  be  hiul  in  perfection  from  a  tinge  whoUy  diasolved  Ik  spot 
of  wine,  m  the  same  manner  as  in  the  case  of  lacquers ;  and  the  mort 
beautifiil  green  is  to  be  produced  by  distilled  verdigris,  winch  ie  sff 
to  lose  its  colour  and  turn  black  with  oiL     In  common  caoss,  he»- 


ever,  any  of  the  colours  may  be,  with  the  least  troable,  laid  on 
isinglass  size,  in  the  same  manner^  as  the  glaaog  caloms  «i 
miniature  paintmg. 
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Ruby'Coloun, — For  red,  where  the  ruby  is  to  be  imitated,  a  little 
lake  used  in  isinglass  size,  carmine,  or  shell-lac  Tarnish,  is  to  be  em- 
ployed, if  the  glass  or  paste  be  of  a  fall  crimson,  verging  towards  the 
purple  'f  bat  if  the  glass  ioclme  to  the  scarlet,  or  orange,  very  bright 
lake  (that  is,  not  pnrple)  may  be  nsed  alone  in  oil. 

Garnet  Red. — For  the  garnet  red,  dragon's  blood  dissolved  in  seed- 
lac  varnish  may  be  nsed  3  and  for  the  vinegar  garnet,  the  orange-lake 
tempered  with  shell-lac  varnish,  will  be  found  excellent. 

Amethyst, — For  the  amethyst,  Jake,  with  a  little  Prussian  bloe, 
nsed  with  oil,  and  very  thinly  spread  on  the  foil,  will  completely  an? 
swer  the  end. 

Blue. — For  blae,  where  a  deep  colour,  or  ihe  effect  of  the  sapphire 
is  wanted,  Prussian  blue,  that  is  not  too  deep,  should  be  used  in  oil, 
and  it  should  be  spread  more  or  less  thinly  on  the  foil  according  to 
the  lightness  or  deepness  of  the  colour  required. 

Eagle  Marine, — For  the  eagle-marine,  common  verdigris,  with  a 
little  Prussian  blue,  tempered  in  shell-lac  varnish. 

Yellow, — Where  a  full  yellow  is  desired,  the  foil  may  be  coloured 
with  a  yellow  lacquer,  laid  on  as  for  other  purposes  ;  and  for  the 
slighter  colour  of  topazes,  the  burnish  and  foil  itself  will  be  sufficiently 
strong  without  any  addition. 

Green. — ^For  green,  where  a  deep  hue  is  required,  tlie  crystals  of 
verdigris,  tempered  in  shell-lac  varnish,  should  be  used,  but  where 
the  emerald  is  to  be  imitated,  a  little  yellow  lacquer  should  be  added, 
to  bring  the  colonr  to  a  truer  green,  and  less  verging  to  the  blue. 

Other  Colours, --^The  stones  of  more  diluted  colour,  such  as  the 
aniethyst,  topaz,  vinegar-garnet,  and  eagle-marine,  may  be  very 
cheaply  imitated  by  transparent  white  glass  or  paste,  even  without 
foils.  This  is  to  be  done,  by  tempering  the  colours  above  enume<* 
rated  with  turpentine  and  mastic,  and  punting  the  socket  in  which 
the  counterfeit  stone  is  to  be  set  with  the  mixture,  the  socket  and 
stone  itself  being  previously  heated.  In  this  case,  however,  the  stone 
should  be  immediately  set,  and  the  socket  closed  upon  it  before  the 
mixture  cools  and  grows  -  hard.  The  orange-lake  above-mentioned 
was  invented  for  this  purpose,  in  which  it  has  a  beautiful  effect,  and 
was  used  with  great  success  by  a  considerable  mahnfiactarer.  The 
colour  it  produces  is  that  of  the  vinegar-garnet,  which  it  affords  with 
great 'brightness.  The  colours  before  directed  to  be  used  in  oil  should 
be  extremely  well  ground  in  oil  of  turpentine,  and  tempered  with 
old  nut  or  poppy- oil ;  or,  if  time  can  be  given  for  their  drying,  with 
strong  fat  oil )  diluted  with  spirit  of  turpentine,  which  will  gain  a 
finepolish of  itiielf. 

Tne  colours  used  in  varnish  should  be  likewise  thoroughly  well 

ground  and  mixt  3  and  in  the  case  of  the  dragon's  blood  in  the  seed- 
ic  varnish  and  the  lacquer,  the  foils  should  be  warmed  before  they 
are  laid  out.  All  the  mixtures  should  be  laid  on  the  foils  with  a  broad 
soft  brush,  which  must  be  passed  from  one  end  to  the  other,  and.no 
part  should  be  crossed,  or  twice  gone  over,  or,  at  least,  not  till  the 
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irst  coat  can  be  dry ;  when«  if  the  colour  do  not  lie  strong 
a  sooond  coat  may  be  givea. 


GILDING,  SILVERING,  AND  tlNNING, 

€hld  powder  for  Gilding. — Gold  powder  may  be  prepared  n  % 
Affnrent  ways : — let,  pat  into  an  earthen  mortar  some  gold-k^ 
with  a  Vttie  honey,  or  thick  gum-water,  and  ^ind  the  mixtare  ti! 
the  gold  is  reduced  to  extremely  minute  particles.  When  tlut  ii 
done,  a  little  warm  water  will  wash  out  the  honey  or  gnm,  leaTOf 
the  gold  behind  in  a  pulverulent  state. 

2nd.— Dissolve  pure  gold  (or  the  leaf),  in  nitro-muriatic  add, 
and  then  to  precipitate  it  by  a  piece  of  copper,  or  by  a  solotioa  d 
sulphate  of  iron.  The  precipitate  (if  by  copper,)  most  be  digesui 
in  distilled  vinegar,  and  then  washed,  (by  pouring  water  over  it  it- 
peatedly,)  and  dried.  This  precipitate  will  be  in  the  form  of  a  107 
fine  powder :  it  works  better,  and  is  more  easily  burnished  thaa  giU 
leaf  ground  with  honey  as  above. 

And  3d,  or  the  best  method  of  preparing  gold  powder,  is  by  heitiif 
a  prepared  amalgam  of  gold,  in  an  open  dean  crndble,  aiM  cood- 
nuing  the  strong  heat  until  the  whole  of  the  merency  is  evaporated} 
at  the  same  time  constantly  stirring  the  amalffam  with  a  glass  ni 
When  the  mercury  has  completely  left  the  gold,  the  remainiBg  poi^ 
der  is  to  be  ffronnd  in  a  Wedgewood's  mortar,  with  a  little  water,  wi 
afterwards  oried.    It  is  then  fit  for  use. 

Although  the  last  mode  of  operating  has  been  here  given,  the  «^ 
rator  cannot  be  too  much  reminded  of  the  danger  attending  tiiefll^ 
limation  of  mercury.  In  the  small  way  here  described,  it  u  iapii- 
slble  to  operate  without  danger  j  it  is  therefore  better  to  prepare  H 
according  to  the  former  directions,  than  to  risk  the  health  bj  4e 
latter. 

To  cover  Bars  of  Cotper,  Suc^jvUh  Gold,  so  as  to  be  roUed  oat  i^ 
Sheets, — ^This  methoa  of  gilding  was  invented  by  Mr.  Tnrncr^  d 
Birmingham.  Mr.  Turner  first  prepares  ingots  or  pieces  of  cosfer 
or  brass,  in  convenient  lengths  and  sizes.  He  then  deans  »* 
from  impurity,  and  makes  their  surfaces  level,  and  prepares  plalei  d 
pxite  gold,  or  gold  mixed  with  a  portion  of  alloy,  of  the  tame  sisetf 
the  ingots  of  metal,  and  of  suitable  thickness.  Haviag  pboed  t 
piece  of  gold  upon  an  ingot  intended  to  be  plated,  he  hammen  aai 
compresses  them  both  together,  so  that  they  may  have  their  sar&cn 
as  nearly^  equal  to  each  other  as  possible ;  and  then  binds  then  (»* 
gether  with  wire,  in  order  to  keep  them  in  the  same  position  dariif 
the  process  required  to  attach  them.  Afterwards  he  takes  siliv 
filings,  which  he  mixes  with  borax,  to  assist  the  fusion  of  the  silfer- 
This  mixture  he  lays  upon  the  edge  of  the  plate  of  gdd,  and  neit  ti 
the  ingot  of  metal.  Having  thus  prepared  the  two  bodies,  he  placci 
them  on  a  fire  m  a  stove  or  furnace,  where  they  remain  nntU  tie  dhtt 
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aBi  bonk  plaeed  along  the  edges  of  tkemetali  meltt  and  oBtil  the 
adhesion  or  the  gold  with  the  joetal  is  perfect.  He  then  takes  the 
ingot  carefbUy  oat  of  the  stove.  By  this  process  the  ingot  is  plated 
wkh  gold>'  Bad  prepared  ready  for  rollioff  into  fleets. 

To  Gild  in  Colours.^-T\ke  prindpal  colo^ars  of  gold  for  gilding  are 
ved»  green^  and  yelloVF.  These  should  be  kept  in  different  amal- 
gams. The  part  vHiich  is  to  remain  of  the  first  colour^  is  to  be  stop- 
ped off  with  a  composition  of  chalk  and  glue  $  the  variety  reaoired 
IS  produced  by  gildinff  the  nnstopped  parts  with  the  proper  aniaJgam« 
MXordin^  to  the  nsiul  mode  of  gilding. 

Sometimes  the  amalgam  is  applied  to  the  snrfiMre  to  be  ^It,  with* 
Nit  any  qnicking>  bv  spreading  it  with  aqaa-f<»tis  ;  but  this  depends 
m  the  same  prindprn  as  a  previous  quicking. 

Grecian  Gliding. — ^Eqnal  parts  of  sal-ammoniac  and  corrosive  sab- 
imate^  are  dissolved  in  spirit  of  nitre^  and  a  solution  of  gold  made 
vith  this  menstruum.  The  silver  is  bmshed  over  with  it,  which  is 
nmed  Uack,  but  on  expoenre  to  a  red  heat  it  assumes  the  colodr  of 
[Old. 

To  dissolve  Gold  in  jdqtui'Regian'^Take  an  ac|na-r^a,  composed 
i  two  parts  of  nitrous  acid>  and  one  of  marine  acid ;  or  of  one 
art  of  sal-ammoniac,  and  four  parts  of  aana-fortis  5  let  the  gold  be 
ranulated,  put  into  a  sufficient  quantity  of  this  menstruum,  and  ex- 
osed  to  a  moderate  degree  of  heat.  Daring  the  solution,  an  effur- 
escence  takes  place,  and  it  acquires  a  beantiful  yellow  colour,  which 
eeomes  more  and  more  intense,  till  it  has  a  ffoiden  or  even  orange 
>lonr.  When  the  menstruum  is  saturated^  it  is  very  clear  and  trans- 
irent 

To  gild  Iron  or  Steel  with  a  solution  of  Gold.'^Meke  a  solntion  of 
oances  of  nitre  and  common  salt,  with  5  ounces  of  crude  alum  in  a 
ifficient  quantity  of  water  3  dissolve  half  an  ounce  of  gdd  thinly 
ated  and  cut ;  and  afterwards  evaporate  to  dryness.  Digest  .the 
eidoiHB  in  rectified  spirit  of  wine  or  sether,  which  will  perfectly  ab- 
ract  the  gold.  The  iron  is  brushed  over  with  this  solation  and  be- 
mes  immediately  silt. 

7b  Oild,  fy  dissaving  Gold  in  jfqu(i'Regia.^'F\ne  linen  rags  are 
eked  in  a  saturated  sohition  of  gold  in  aqua-regia,  gently  dried, 
d  aftehvards  burnt  to  tinder.  The  substance  to  be  gilt  must  be  well 
itshed  ;  a  piece  of  cork  is  first  dipped  into*  a  solution  of  common 
It  in  water,  and  afterwards  into  the  tinder,  which  is  well  rubbed  on 
B  sorfaoe  of  the  metal  to  be  gilt,  aud  the  gold  appears  in  all  ita 
»taJlic  lustre. 

Amalgam  of  Gold  in  the  lart^  um.^^A  quantity  of  quicksilver  is 
t  into  a  cmcible  or  iron  ladle,  which  b  uned  with  cmy,  and  ex- 
•ed  to  heat  till  it  begins  to  smoke.  The  gold  to  be  mixed  should 
preTiooaly  granulated,  and  heated  red  &r,  when  it  shodd  be 
Jed  to  the  quicksilver,  and  stirred  about  with  an  iron  rod  till  it  is 
-foetly  dissolved.  If  there  should  be  any  superflous  mercury,  it 
J  be  Mparated  by  passing  it  through  dean  soft  leather )  and  the 
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remalni&g  amilgam  will  baTe  tbe  oonsnleooe  of  botler,  mA  i 
about  3  parts  of  mercaiy  to  1  of  cold. 

To  did  by  JmaigamaHoH. — ^l^e  metal  to  be  pk  u  pretioidj 
well  deaoed  on  its  surface^  by  boiling  ip  a  weak  ptdcJe,  wbiA  iit 
▼ery  dilnte  aitroas  acid.  A  qaantity  of  aqaa-i<ntis  b  poured  iito  m 
eartheo  ressel,  and  quicksilver  pot  therein  -,  when  a  mflirifflit  qim- 
tity  of  mercory  is  dissolved^  tbe  articles  to  be  gilt  are  pat  into  tfe 
solution^  and  stirred  about  with  a  brush  till  they  become  white.  T^ 
is  called  qnicking.  But,  as  during  qnicking  by  this  mode*  a  wnasm 
vapour  continuaBy  arises^  which  proves  very  injurious  to  the  beaU 
of  the  workmen,  they  have  adopted  another  meUiod,  bv  which  tkf, 
in  a  great  measure*  avoid  that  danger.  They  now  dissolve  the  qad- 
silver  in  a  bottle  containing  aqua-fortis,  and  leave  it  in  the  epei  ar 
during  tbe  solution,  so  that  the  noxioas  vapour  escapee  into  thear. 
Then  a  little  of  this  solution  is  poured  into  a  bason,  and  with  a  bnk 
dipped  therdn,  they  stroke  over  the  surface  of  the  metal  to  be  gfltr 
which  immediately  becomes  quicked.  The  amalgam  is  now  appMb; 
one  of  the  following  methods  :— 

Ist.  By  proportioninff  it  to  the  quantity  of  articles  to  be  gilt,  wd 
putting  them  into  a  white  hat  together,  working  them  about  vitk  t 
soft  brush,  till  the  amalgam  is  uniformly  spread. 

Or,  2d]y.  By  applying  a  portion  of  the  amalgam  upon  omt  paU 
and  spreading  it  on  the  surface,  if  flat,  by  worlung  it  abont  wkl  a 
harder  brush. 

The  work  thus  managed  is  pat  into  a  pan,  and  exposed  to  a  geslic 
degree  of  heat ;  when  it  becomes  hot,  it  is  frequently  put  into  a  k^ 
and  worked  about  with  a  painter's  large  brush,  to  prevent  an  im^i^ 
dissipation  of  the  mercury,  till,  at  last,  the  quicksilver  is  eatid; 
dissipated  by  a  repetition  of  the  heat,  and  the  gold  is  attached  to  ikt 
surface  of  the  metal.  This  gilt  surface  is  well  cleaned  by  a  m 
brush,  and  then  artists  heighten  the  colour  of  the  gold  by  the  ap- 
[dication  of  various  compositions ;  tlus  part  of  the  prooeaa'  is  oAei 

COLOUaiNO. 

Togild  Glass  and  Porcelain.  No.  1. — Drinldng,  and  other  gbami 
aie  sometimes  gilt  on  their  edges.  This  is  done*  either  t»^  aa  adhf- 
sive  vambh  or  by  heat.  The  varnish  b  prepared  tyy  diasohriag  a 
boiled  lins^  oil  an  equal  weight  either  oif  copal  or  ambo'.  TUi  is 
to  be  diluted  by  a  proper  quantity  of  6il  of  turpentine,  so  as  to  be  ap- 
plied as  thin  as  possible  to  the  parts  of  the  glass  intended  to  be  pb> 
When  this  is  done,  whu^  will  be  in  about  twenty-four  boon,  the 
glass  is  to  be  placed  in  a  stove,  till  it  is  so  warm  as  almost  to  bma 
the  fbgers  when  handled.  At  this  temperature,  the  Tarat^  viA 
become  adhesive,  and  a  piece  of  leaf  gold,  applied  in  the  vaaal  vi^ 
will  immediately  stick.  Sweep  off  the  superflous  portions  of  ^  Vm, 
and  when  quite  cold,  it  may  be  burnished,  taking  care  to  iatfrpsst 
a  piece  of  very  thin  paper  (India  paper)  between  the  gold  and  t^ 
burnisher.  If  the  vamish  is  very  good,  this  is  the  best  method  sf 
gilding  glaH»  as  Uie  gold  is  thus  fixed  on  more  evenly  thaa  in  asy 
other  way. 
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Ko.  2.-*It  often  bappens,  when  the  rarnish  m  but  iadtfleM&t,  thai 
bj  repeated  washmg  the  gold  wears  off }  on  this  aoeoont  the  prac* 
tice  of  boming  it  in  is  sometimes  had  seeoiirse  to* 

For  this  parposoj  some  gold  powder  is  ground  with  borax,  and  in 
this  state  applied  to  the  dean  sni&oe  of  the  glass*  by  a  eaMi^s  hair 
pencil  I  wMm  qoite  dry*  the  glass  is  pvt  into  a  store  heated  to  abovt 
the  temperatare  of  an  annealing  oren  $  the  ffom  barns  off*  and  the 
borax,  bv  vitrifying,  cements  the  gold  wiw  great  firmness  to  the 
glass ;  after  which  it  may  be  bnmished.  The  gilding  vqkni  porcelain 
is  in  Uke  manner  fixed  by  heat  and  the  use  of  bOca^  -,  aad  this  kind 
of  ware  being  neither  transparent  nor  liable  to  aolte^r  vid  thns  to  be 
iniured  in  its  form  in  a  low  red  heat,  is  free  firom  the  risk  and  injury 
which  the  finer  and  more  fasible  kinds  of  ^ass  are  apt  to  sostain 
from  sncfa  treatment.  Porcekua  and  other  wares  may  be  platinised, 
silvered,  tinned,  and  bronzed,  in  a  similar  manner. 

To  Gild  Leaiher.-^ln  order  to  impress  gilt  figures,  letters,  and 
other  marks  upon  leather,  as  on  the  covers  of  books,  edgings  for 
doan,  &C.  the  leather  must  first  be  dusted  over  with  very  finely 
powdered  yellow  resin,  or  mastidi  gum.  The  iron  tools  or  stamps 
are  now  arranged  on  a  rack  before  a  dear  fire,  so  as  to  be  well  heated, 
without  becoming  red  hot.  If  the  tools  are  Utiers,  they  have  an  al- 
phabetical arrangement  on  the  rack.  Each  letter  or  stan^  must  be 
tried  as  to  its  heat,  by  imprinting  its  mark  on  tho  raw  aide  of  a 
piece  of  waste  leather.  A  little  practice  will  enatde  the  workman  to 
jo4ge  of  the  heat.  The  tool  is  now  to  be  pressed  downwards  on  the 
gold  leaf;  whidi  will  of  course  be  indented,  and  draw  the  figuie  iaa- 
printed  on  it.  The  next  letter  or  stamp  is  now  to  be  t&en  and 
atamp^  in  like  manner  and  so  on  with  the  others ;  taldnfp  care  to 
keep  the  letters  in  an  even  line  with  each  other,  Uke  those  m  a  book. 
By  this  operation  the  resin  is  mdted;  consequently  the  gold  ad^ 
heres  to  the  leather :  the  superfluous  gokl  may  then  be  rubt^  eff  by 
a  doth }  the  gilded  impressions  remaining  on  the  k^her.  In  this,  as 
in  every  other  operation,  adroitness  is  acquired  by  practice. 

The  doth  alluded  to  should  be  slightly  greasy,  to  retain  the  floU 
wiped  off  j  (otherwise  there  will  be  a  grcttt  waste  in  a  few  mon&s,) 
the  doth  will  thus  be  soon  oompletdy  saturated  or  loaded  with  the  gold. 
When  this  is  the  case,  these  doths  are  generally  sold  to  the  refiners, 
who  bum  them  and  recover  the  gold. Some  of  theseafford  so  much  gold 
by  bomioff,  as  to  be  worth  firom  a  guinea  to  a  guinea  and  a  half. 

TV  Gild  JFritings,  Drawings,  8fc.  on  Paper  or  Parekmentj^h^ 
ten  written  on  veUum  or  paper  are  gilded  in  three  ways :  in  the  first* 
a  little  size  Is  mixed  with  the  ink,  and  the  letters  are  written  as 
nanal  ;  when  thev  are  dry,  a  slight  degree  of  stickiness  is  produced 
bv  brcNithbg  on  them,  upon  whidi  the  gold  leaf  is  immedaatdy  ap« 
plied*  and  By  a  little  prmure  may  be  made  to  adhere  with  suiwnent 
nrmness.  In  the  second  method*  some  white  lead  or  chalk  is  ground 
op  with  strong  sise,  and  the  letters  are  made  with  this  by  means  of 
n  tNTuah :  when  the  mfacture  is  almost  dry*  the  gold  leaT  may  be  laid 
on,  and  afterwards  burnished.    The  last  meth^  is  to  nix  im  somo 
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M  powder  with  eise^  and  to  form  tlie  ktten  of  tUm  bj  meaaa  of  a 
irash.    It  19  fopposed  that  thia  latter  method  waa  that  used  by  the 
mooks  in  iUaminafeittg  their  miaaals,  paalters,  and  robrks* 

To  Gild  the  edges  of  Paper.^^The  ed^es  of  the  leavea  of  booka  aod 
letter  paper  are  gilded  whilst  in  a  horizontal  poaition  in  the  book- 
binder*B  preas,  by  first  applying  a  composition  formed  of  foor  parts 
of  Armenian  bole^  and  one  of  candied  sugar,  ground  together  with 
water  to  a  proper  consistence,  and  laid  on  by  a  brush  with  the  while 
of  an  egg.  This  coating,  when  nearly  dry»  ia  smoothed  by  the  bar- 
nisher  $  which  is  geoerdly  a  crooked  piece  of  agate>  very  satiood^ 
and  fixed  io  a  handle.  It  is  then  slightly  moistened  by  a  aponge  £p- 
ped  io  clean  water,  and  sqoeeaed  in  the  hand.  The  gold  leaf  ia  bow 
taken  up  on  a  piece  of  cotton,  from  the  leathern  cushiooy  and  apipiied 
on  the  moistened  snrfaoe.  Mlien  dry,  it  is  to  be  burnished  by  mbfang 
the  agate  over  it  repeatedly  from  end  to  end,  taking  care  not  to  woood 
the  surface  bj  the  point  of  the  burnisher.  A  piece  of  silk  or  Iii£a 
paper  is  usually  interposed  between  the  gold  and  the  bomiaber. 

Cotton  wool  is  generally  used  by  bookbinders  to  take  the  leai  Wf 
from  the  cushion  }  being  the  best  adapted  for  the  purpoae  on  a^ 
count  of  its  pliability,  smoothness,  softness,  and  slight  moistneaa. 

Th  gild  Silk,  Satin,  Ivory,  Sfc.  by  Hydrogen  cSu.  No.  1. — ^Im- 
merse a  piece  of  white  satin,  silk,  or  ivory  in  a  solution  of  nitro-ma- 
riate  of  gold,  in  the  proportion  of  one  part  of  the  nitro^nariatela 
three  of  distilled  water.  Whilst  the  substance  to  be  gilded  ia  idl 
wet,  immerse  it  in  a  iar  of  hydrogen  gas :  it  will  soon  t)e  c^fvrai 
by  a  complete  coat  of  fold. 

No.  2.-^rhe  foreg<wig  experiaient  may  be  very  prettily  and  ad- 
rantageoiisly  varied  as  follows  :— Paint  flowers  or  other  omaaseato 
with  a  very  fine  camel  hair  pencil^  dipped  in  the  above-mentioHd 
aolution  of  gold,  on  pieces  of  silk,  satin,  &c.  he.  fcc.  and  hold  Ihea 
over  a  Florence  flask,  from  which  hydrogen  gas  is  evolved,  during  the 
decomposition  of  the  water  by  sulphuric  acid  and  iron  filings.  He 
painted  flowers,  &c.  in  a  few  minutes,  will  shine  with  aU  the  apks- 
dour  of  the  purest  gold*  A  coating  of  this  kind  will  net  taraish  oa 
exposure  to  the  air,  or  in  washing. 

Oil  gilding  on  N^ood.-^The  wSod  must  first  be  covered,  or  primed, 
by  two  or  three  coatings  of  boiled  linseed  oil  and  cartxmate  of  lead, 
in  order  to  fill  up  the  pores,  and  conceal  the  irregularities  of  tim  s«- 
face,  occasionea  by  the  vmna  in  the  wood.  When  the  prioiii^  ii 
quite  dry,  a  thin  coat  of  gold-siae  mu^t  be  laid  on.  Tliis  1^  t  : 
bv  grinding  together  8ome  red  oxide  of  lead  with  iha  thickest  %lrpmf 
oil  that  can  be  procured,  aod  the  older  the  better,  tbtit  it  nmy  mt<fi 
freely :  it  is  to  be  mixed,  preaioasly  to  being  nsed,  tritb  a  lUtic  c«l4f 
turpentine,  till  it  is-  brought  to  a  proper  coiisistetieti.  If  the  pM^ 
siae  is  good,  it  will  be  sumclentlv  dry  in  twelve  hours,  nii^re  or^leia 
to  allow  the  artist  to  proceed  to  the  last  part  of  the  pro^s»^  which  b 
the  application  of  the  gold,  for  thi^  purpose*  a  leaf  of  guM  is  sireait 
onacnshion  (formed  by  a  few  folds  of  nAnnel  secured  on  a  piefv  oC 
wood,  about  ^hl  Inobcs  square^  by  a  ^ght  covering  of  Imtber),  vad 
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b  cot  into  strips  of  aproper  siae  by  a  blimt  pallet  IcDife  j  eadi  strip 
being  then  talron  npon  the  point  of  a  fine  bmsb,  is  applied  to  the 
pmit  intended  to  bo  gilded,  and  is  then  gently  pressed  down  by  a  ball 
>f  soft  cotton  ;  the  gold  immediately  adheres  to  the  sticky  surface 
y€  tbe  sise,  and  aflter  a  few  minntes,  the  dexterous  application  of  a 
large  earners  hair  brush  sweeps  away  the  loose  particles  of  the  gold 
!ea?  without  distnrbing  the  rest.  In  a  day  or  two  the  size  will  be 
M>nDipletely  dried^  and  the  operation  will  be  finished. 

liie  advantages  of  this  method  of  gilding  are,  that  it  is  Tory  simple, 
rery  durable,  and  not  readily  injured  by  changes  of  weather^  evon 
irben  exposed  to  the  open  air  ;  and  when  soiled  it  may  be  cleaned  by 
I  little  warm  water  and  a  soft  brush  ;  its  chief  employment  is  in  out* 
loor  work*  Its  disadvantage  is.  that  it  cannot  be  burnished,  and 
Jierefore  wants  thehi^  lustre  produced  by  the  following  method. 

To  Gild  by  ^iimuAtn^.— This  op^ation  is  chiefiy  performed  on 
jHCtore  frames,  mouldings^  headings,  and  fine  stucco  work.  The 
»oriaoe  to  be  gilt  must  be  carefuHy  covered  with  a  strong  size,  made 
>y  boiling  down  pieces  of  whito  leather,  or  dippings  of  parchment) 
HI  they  are  reduced  to  a  stiff  jell^ ;  this  coating  b^g  dried,  eight 
>r  ten  more  must  be  applied,  consisting  of  the  same  sixe,  mixed  with 
ine  Paris  plaster  or  washed  chalk ;  when  a  sufficient  number  of 
ayers  have  been  put  on,  varying  according  to  the  nature  of  the  work, 
ind  the  whole  is  become  quite  dry,  a  moderately  thick  layer  must  be 
ipplied,  composed  of  sise  and  Armenian  bole,  or  yellow  oxide  of  lead : 
irhlle  this  last  is  yet  moist,  the  go(d  leaf  is  to  be  put  on  in  the  usual 
nanner  ;  it  will  immediatelv  adhere  on  being  pressed  by  the  cotton 
mil,  and  before  the  size  is  become  perfectly  dry,  those  parts  whidi 
ire  intended  to  be  the  most  brilliant  are  to  be  carefully  burnished  by 
in  agate  or  dog's  tooth  fixed  in  a  handle. 

In  order  to  save  the  labour  of  burnishing,  it  is  a  common,  but  bad 
>ractice,  slightly  to  burnish  the  brilliant  parts,  and  to  deaden  the 
-est  by  drawing  a  brush  over  them  dipped  in  sise^  the  required  oon* 
rast  between  the  polished  and  the  unpolished  gold  is  indeed  thus 
obtained  $  but  Ae  general  effisct  is  much  inferior  to  that  produced  in 
he  regular  way,  and  the  smallest  drop  of  water  felling  on  the  sized 
lart  occasions  a  stMU.  This  kind  of  lading  can  only  be  applied  on 
o-door  work ;  as  rain,  and  even  a  consklerable  degree  of  dampness, 
via  occasion  the  gold  to  peel  off.  When  dirty,  it  may  be  cleaned  by 
I  soft  Iwnsh,  with  hot  spint  of  wine,  or  oil  of  turpentine* 

To  Giid  Copper^  8(c.  by  y^ma^nm.— Immerse  a  very  dean  bright  piece 
»f  copper  in  a  diluted  wlutton  of  nitrate  of  mercury.  Bj  the  affinity 
it  copper  for  nitric  aeid,  the  mercury  will  be  predpitated :  now 
tpread  the  amalgam  of  gold  rather  thinly  over  tne  coat  of  mercury 
ust  given  to  the  copper.  This  coat  unites  with  the  amalgam,  but  of 
»urse  will  remain  on  the  copper.  Now  place  the  j;>iece  or  pieces  so 
>perated  on,  in  a  clean  oven  or  furnace,  where  there  is  no  smoke.  If, 
he  heat  is  a  little  greater  than  66*,  the  mercurv  of  the  amalgam 
A  ill  be  volatilised,  and  the  copper  will  bo  beautifuliy  gilt. 

In  the  large  way  of  gilding,  the  furnaces  are  so  contrived  that  the 
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volatilised  mttcmj  is  again  condensed,  awl  preaerred  lor  fvtber  m, 
so  that  there  is  no  loss  in  the  operation.  There  is  also  a  contrimn 
by  which  the  volatile  particles  of  mercory  are  prevented  Iiobi  ii^viig 
the  gilders. 

To  Gild  A^e/.— Ponr  some  of  the  ethereal  solntiott  of  gold  kio  i 
vnne  glass,  and  dip  therein  the  blade  of  a  new  peo-kufe,  haati,  oc 
razor  ;  withdraw  the  instrument,  and  allow  the  ether  to  eviponte. 
The  blade  vifill  be  fonnd  to  be  covered  by  a  very  beantifal  cotto^ 
gold.  A  clean  rag,  or  small  piece  of  very  dry  sponge,  may  be  dipped 
in  the  ether,  and  used  to  moisten  the  blade,  with  the  same  resalt 

In  this  case  there  is  no  occasion  to  poor  the  liqoid  into  a  gba, 
which  must  undoubtedly  lose  bv  evaporation  ;  but  the  mg  or  vf^ 
mav  be  moistened  by  it,  by  applying  either  to  the  month  of  Um  p^- 
This  coating  of  gold  will  remain  on  the  steel  for  a  great  length  d 
time,  and  will  preserve  it  from  rusting. 

This  is  the  way  in  which  swords  and  other  cutlery  are  onaaestci 
Lancets  too  are  in  this  way  gilded  with  great  advantage,  to  seca» 
them  from  rust* 

To  hetghtfin  the  colour  of  Yellow  Gold. 
6  oz.  saltpetre, 
2  oz.  copperas, 
1  oz.  white  vitriol,  and 
1  oz.  alum. 
If  it  be  wanted  redder,  a  small  portion  of  Uoe  vitriol  nst  k 
added.    These  are  to  be  well*mixed,  and  dissolved  in  water  at  tk 
colour  is  wanted. 

To  heighten  toe  colour  of  Green  Gold, 
1  oz.  10  dwts.  saltpetre, 
1  oz.  4  dwts  sal  ammoniac, 
1  oz.  4  dwts.  Roman  vitriol,  and 
18  dwts.  verdigris. 
Mix  them  well  together,  and  dissolve  a  portion,  in  water,  asooB- 
sion  requires. 

The  work  must  be  dipped  m  these  conipositkins,  applied  to  apnfs 
heat  to  bum  them  off,  and  then  qnenched  in  water  or  vinegar. 
To  heighten  the  colour  q/*  Red  Gold. 

To  4  OS.  melted  yeUow  waz«  add 
1^  oz.  red  odire  in  fine  jpowdeiv 
.1^  oz.  verdigris  calcined  till  it  yiek)  no  faoies,  sad 
I  oz.  calcined  borax. 
It  is  necessary  to  calcine  the  verdigris,  or  else,  by  the  hotsppU 
in  burning  the  wax,  the  vinegar  becomes  so  concentrated  as  to  cor- 
rode the  surfaces,  and  make  it  appear  speckled. 

To  separate  Gold  from  Gil t^  Copper  and  5t/ver.-*Apply  a  tobtki 
of  borax,  in  water,  to  the  gilt  surface,  with  a  fine  brush,  and  spnakk 
over  it  some  fine  powdered  sulphur.  Make  the  iMOce  red  hot.  ^ 
quench  it  in  water.  The  gold  may  be  easily  wipea  off  with  a  serried 
bru»h,  and  recovered  by  testing  it  with  lead. 
Gold  is  taken  from  the  surface  of  silver  by  spreading  over  it* 
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paste,  made  of  powdered  sal  ammoniac^  with  aqaa  fortis^  and  heating 
It  till  the  matter  smokes^  and  is  nearly  dry  j  when  the  gold  may  be 
aeparated  by  mblnag  it  with  a  scratch^-brosh. 

To  Silver  by  Heat.  No.  1. — ^Dissolye  an  pnnce  of  pnre  silyer  in 
afjba  fortis,  and  predpki^te  it  with  common  fealt ;  to  which  add  4  lb. 
of  sal  ammoniac,  aandiyer,  and  white  yitriol^  and  \  oz.  of  sublimate. 

No.  2— Diseoke  an  onnce  of  pore  silyer  in  aqna  fortis  5  preci- 
pitate it  with  common  salt,  and  aad,  after  washing,  6  oonces  of  com- 
mon salt,  3  ounces  each  of  sandiyer  and  white  yitriol^  and  -l-  ounce 
of  sublimate. 

These  are  to  begrotmd  into  a  paste  upon  a  fine  stone  with  a  mul- 
ler )  the  substance  to  be  silyerea  must  be  rubbed  oyer  with  a  snffi- 
.cient  quantity  of  the  paste,  and  exposed  to  a  proper  degree  of  heat. 
.Where  the  silyer  runs,  it  is  taken  from  the  fire,  and  dip{^  into  weak 
spirit  of  salt  to  clean  it. 

Silvering  on  Gili  Work,  hy  Amaigamatton'^SlXyet  yirill  not  attach 
itself  to  any  metal  by  amaJ^amation,  unless  it  be  first  gilt.  The  pro- 
cess is  the  same  as  gildinff  m  colours^  only  no  acid  should  be  used. 

To  Silver  in  the  Cold  Way. 
No,  1.— 2  dr.  tartar, 

2  dr.  common  salt, 
•^  dr.  of  alum,  and  . 

20  grs.  of  silyer^  precipitated  from  the  nitrous 
add  by  copper. 

Make  them  Into  a  paste  with  a  little  water.  This  is  to  be  rub- 
bed on  the  surface  to  be  ^yered  with  a  cork,  &c. 

No.  2. — ^Dissolye  pure  silyer  in  aqua  fortis,  and  precipitate  the 
silyer  with  common  salt  j  make  this  precipitate  into  a  paste,  by 
adding  a  little  more  salt  and  cream  of  tartar.  It  is  applied  as  in  the 
former  method. 

To  Silver  Copper  IngotSj^^The  principal  difficulties  in  plating  cop- 
per ingots  are,  to  bring  the  surfaces  of  the  copper  and  silver  into 
^sion  at  the  same  time,  and  to  prevent  the  copper  from  scaling ;  for 
which  puqioses  fluxes  are  used.  The  surface  of  the  copper  on  which 
the  silyer  is  to  be  fixed  must  be  made  flat  by  filing,  and  should  be  left 
rough.  The  silver  is  first  annealed,  and  afterwards  pickled  in  weak 
spirit  of  salt ;  it  is  planished,  and  then  scraped  pn  the  sarface  to  be 
fitted  on  the  copper.  These  prepared  surfaces  are  annointed  with 
a  aolotion  of  borax,  or  strewed  with  fine  powdered  borax  itself,  and 
then  confined  in  contact  with  each  other,  by  binding  'wire.  When 
they  are  exposed  to  a  sufficient  degree  of  heat,  the  flux  causes  the 
surfaces  to  Uise  at  the  same  time,  and  after  they  become  cold,  they 
are  found  firmly  united. 

Copper  may  likewise  be  plated  by  heating  it,  and  burnishing  leaf- 
silver  upon  it ;  so  may  iron  and  brass.  This  process  is  called  FaaNcn 
Pirating. 

To  separate  the  Silver  from  Plated  Copper.'^This  process  is  ap- 
plied to  recover  the  silyer  from  the  plated  metal, .  which  has  been 
rolled  down  for  buttons,  toya,  &c.  without  destroying  any  large  por- 
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tion  of  the  copper.  For  this  porpose,  a  menstrainn  fe  ooBpowd  4 
3  poonds  of  oil  of  Titriol^  1-|-  ounce  of  nkre,  and  a  pomid  of  witer. 
The  plated  metal  is  boiled  in  it,  till  the  silver  is  dissolfcd,  and  thn 
the  silver  is  recovered  by  throwing  common  salt  into  the  sohitioa. 

To  Plaie  Iron. — IroU  may  be  plated  by  three  differeiit  modes. 

1  St.  By  polishing  the  snruice  very  clean  and  level  with  a  bnnisber; 
and  afterwards  by  exposmg  it  to  a  blneing  heat,  a  leaf  of  siher  is 
properly  placed  and  carefolly  burnished  down.  Thb  is  repeated  ti 
a  sufficient  number  of  leaves  i»  applied,  to  give  the  stiva-  a  pnpr 
body. 

2d.  By  the  use  of  a  solder ;  slips  of  thin  solder  are  placed  betma 
the  iron  and  silver,  with  a  little  flux,  and  secured  together  by  biid- 
inff-wire.  It  is  then  placed  in  a  clear  fire,  and  continued  in  it  tiltfe 
solder  melts ;  when  it  is  taken  out,  and  on  cooling  Is  found  to  li 
here  firmly. 

And  3d.  By  tinning  the  iron  first,  and  uniting  the  silver  by  the  n- 
termedia  of  slips  of  rolled  tin,  brought  into  fusion  in  a  gentle  heat 

To  iin  Copper  and  Brass, — Boil  six  pounds  of  cream  ^  tartar,  te 
gallons  of  water,  and  eight  pounds  of  grain  tin^  or  ^  skafWi 
After  the  materials  have  boiled  a  sufficient  time,  the  substance  to  k 
tinned  is  put  therein,  and  the  boiling  continued,  when  the  tin  is  p^ 
cipitated  m  its  metallic  form.  • 

To  iin  Iron  and  Copper  Fessels^^^lron  which  is  to  be  tinned,  ■■( 
be  pr.eviously  steeped  in  acid  materials,  such  as  sour  whey,  diiedOen* 
wash,  &c.  3  then  scoured  and  dipped  in  melted  tin,  having  been  fiat 
rubbed  over  with  a  solution  of  sal  ammoniac.  The  suiiiaoe  of  ^  til 
is  prevented  from  calcining,  by  coTcrinff  it  with  a  coat  of  fiit.  Co^ 
per  vessels  must  be  well  cleansed  ^  and  then  a  suffident  quantity  if 
tin  with  sal  ammoniac  is  put  therein,  and  brought  into  fusion,  asddi 
copper  vessel  moved  about.  A  little  resin  is  sometimes  added.  TVi 
sal  ammoniac  prevents  the  copper  from  scaling,  and  causes  the  tia  t0 
be  fixed  wherever  it  touches.  Lately,  zinc  has  been  proposed  far 
lining  vessels  instead  of  tin,  to  avoid  tiie  ill  consequences  which  bsM 
been  unjustly  apprehended. 

To  prepare  ine  Silver  Tree.— Pour  into  a  glass  globe  or  decaato; 
4  drachms  of  nitrate  of  silver,  dissolved  in  a  pound  or  more  of  dit* 
tilled  water,  and  lay  the  vessel  on  the  chimney  piece,  or  in  bom 
place  where  it  may  not  be  disturbed.  Now  pour  in  4  dradusi  of 
mercury.  In  a  short  time  the  silver  will  be  preci^tated  in  the  Boit 
beautiful  arborescent  form,  resembling  real  vegetation*  This  has  beet 
generally  termed  the  Arbor  Dianse. 

To  prepare  the  Tin  Tree, — Into  the  same  or  a  similar  vessel  to  tlot 

,  used  in  the  last  experiment,  pour  distilled  water  as  before,  and  pot  k 

3  drachms  of  muriate  of  tin,  adding  10  drops  of  nitric  add,  and  shalt 

.the  vessel  until  the  salt  be  completely  dissolved.    Replace  the  dbc 

(which  must  be  deared  from  the  effects  of  the  former  experiment,)  t* 

^before,  and  set  the  whole  aside  to  predpitate  without  disturbaoct. 

In  a  few  hours,  the  effect  will  be  dmUar  to  Uie  last,  only  that  the  trts 

«  of  tin  will  have  more  lustre.    In  these  expeciments.  It  is  suipiiiiH 
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to  fbs^f e  the  laurinn  shoot  onl  as  it  were  from  nothing ;  but  this 
{Aeaom^ooo  seemf  to  pioceed  from  a  galvanic  action  of  the  neti^ 
and  the  water. 

To  prepare  the  Lead  Tree.— *Put  4^  an  ounce  of  the  super-ac^ate  of 
lead  in  powder,  into  a  dear  glass  globe  or  wine  decanter,  filled  to  the 
bottom  of  the  neck  with  distilled  water«  and  10  drops  of  nitric  add^ 
and  shake  the  mixture  well.  Prepare  a  rod  of  zinc  with  a  hammer 
and  file,  so  that  it  may  be  a  quarter  of  an  inch  thick  and  1  inch  long  3  at 
the  same  time  form  notches  in  each  side  for  a  thread,  by  which  it  it  to 
be  snspended»and  tie  the  thread  so  that  the  knot  shall  be  iippermost» 
when  the  metal  hangs  quite  perpendicular.  When  it  is  tied,  pass  the 
two  ends  of  the  thread  through  a  perforation  in  the  cork,  and  let  them 
be  again  tied  over  a  small  splinter  of  wood  which  may  pass  between 
them  and  the  cork^  When  the  string  is  tried,  let  the  length  between 
the  cork  and  the  zinc  be  such  that  the  precipitant  (the  zmc)  may  be 
at  equal  distances  from  the  side,  bottom,  and  top,  of  the  vessel,  when 
immersed  in  it.  When  all  things  are  thns  prepeired,  place  the  vessel 
in  a  place  where  it  may  not  be  disturbed,  and  introduce  the  zinc,  at 
the  same  time  fitting  in  the  cork.  The  metal  will  very  soon  be  co- 
lored with  the  lead,  which  it  precipitates  from  the  solution,  and  this 
will  continue  to  take  place  nntil  the  whole  be  precipitated  npon  the 
zinc,  which  will  assume  the  form  of  a  tree  or  bush,  whose  leaves  and 
branches  are  laminal,  or  plates  of  a  metallic  lustre. 

Metallic  Watering,  or  for  Blanc  Afoire.— This  artide  of  Parisian 
inTcntion,  which  is  much  employed  to  cover  ornamental  cabinet  work« 
dressing-boxes,  telescopes,  opera  glasses*  &e.  &c.  is  prepared  in  the 
following  manner. 

Sulphuric  add  is  to  be  diluted  with  from  seven  to  nine  parts  of  watery 
then  dip  a  sponge  or  rag  into  it,  and  wash  with  it  the  surface  of  a 
sheet  of  tin.  This  will  speedily  exhibit  an  appearance  of  crystal- 
lization, which  is  the  moii^. 

This  effect,  however,  cannot  be  easily  produced  upon  every  sort  of 
sheet  tin,  for  if  the  sheet  has  been  much  hardened  by  hammering  or 
rolling,  then  the  moir^  cannot  be  effected  until  the  sheet  has  been 
heated  so  as  to  produce  an  incipient  fusion  on  the  surface,  after  which 
the  acid  will  act  upon  it,  and  produce  the  moir6.  Almost  any  add 
will  do  as  well  as  the  sulphuric,  and  it  is  said,  that  the  citric  add, 
dissolved  in  a  sufficient  quantity  of  water,  answers  better  than  any 
other. 

The  moir^  may  be  much  improved  by  employing  the  blow-pipe,  to 
form  small  and  beautiful  specks  on  the  surface  of  the  tin,  previous  to 
the  application  of  the  add. 

When  the  moir6  has  been  formed,  the  plate  is  to  be  varnished  and 
polished,  the  varnish  bdng  tinted  with  any  glazing  colonr,  and  thns 
the  red,  green,  yellow,  and  pearl  coloured  moiris  are  manufactured. 

Chinese  Sheet  Lead^^The  operation  is  carried  on  by  two  men  $ 
one  is  seated  on  the  flo<Mr  with  a  lar|(e  flat  stone  before  him,  and  with 
a  moveable  flat  stone*stand  at  his  side.  His  fellow  workman  staade 
beside  him  with  a  cmdble  filled  vrith  mdted  lead }  and  having  poured 
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a  tirtrfii  qnaDtity  ppon  the  stone,  the  other  lifts  the  moreifale  stone, 
pad  dashing  it  on  the  fluid  lend^  presses  it  oot  into  a  Bat  sad  thia 
plate,  which  he  instantly  removes  from  the  stone.  A  seoood  qnntiitj 
of  lead  18  poured  in  a  similar  manner,  and  a  similar  plate  formed,  m 
process  being  carried  on  with  singular  rapidity.  The  rovgh  vdgjiM  «f 
the  plates  are  then  cut  off,  and  they  are  soldered  tog^her  for  ase. 

l^r.  Waddeli  has  applied  this  method,  with  great  success,  to  the 
formatioB  of  thin  plates  of  zinc,  for  galvuiic  purposes. 

To  plate  Looking' Glasses, — ^This  art  is  erroneously  termed  nher- 
ing,  for,  as  will  be  presently  seen,  there  is  not  a  particle  of  silfer 
present  in  the  whole  composition. 

On  tin-foil,  fitly  deposed  on  a  flat  table,  mercury  is  to  be  poured, 
and  gentlv  rubbed  with  a  hare*s  foot ;  it  soon  unites  itself  with  ^ 
tin,  whicm  then  becomes  very  splendid,  or,  as  the  worfcmeB  saj, 
is  quickened,  A  plate  of  glass  is  then  cautiously  to  be  slid  upon  the 
'tin*leaf,  in  such  a  manner  as  to  sweep  off  the  redundaDt  mtremj, 
which  is  not  incorporated  with  the  tin  ;  lead  weights  are  then  to  he 
placed  on  the  glass,  and,  in  a  little  time,  the  qmcksilvered  tia-ioi 
adheres  so  firmly  to  the  ^lass,  chat  the  weights  may  be  removed  with- 
out any  danger  of  its  falling  off.  The  glass  thus  coated  is  a  oombm 
looking-glass.  About  two  ounces  of  mercury  are  sufficient  for  cover- 
ing three  square  feet  of  glass. 

The  success  of  this  operation  depends  mudi  on  the  deannesi  «f 
the  glass  ;  and  the  least  dirt  or  dust  on  its  surfooe,  will  prevent  the 
adheuon  of  the  ama^am  or  alloy. 

Liquid  FMfot  silvering  Glass  G/oiei.— No.  1. 
1  oz.  clean  lead, 
1  oz.  fine  tin, 
1  oz.  bismuth,  and 
10  oz.  quicksilver. 
The  lead  and  tin  must  be  put  into  the  ladle  first,  and  so  soon  'as 
melted  the  bismuth  must  be  added.     Sldm  off  the  dros8»  remove  the 
ladle  from  the  fire,  and  before  it  sets,  add  the  quicksilver :  stir  the 
whole  carefoUy  together,  taking  care  not  to  breathe  over  it,  as  the 
fumes  of  the  mercury  are  very  pernicious.    Pour  this  through  an 
earthen  pipe,  into  the  glass  globe,  which  torn  repeatedly  roimd. 

No.  2.-2  parts  mercury, 
1  part  tin, 
1  part  lead,  and 
1  part  bismuth. 

No.  3.-*-»4  oz.  quicksilvtf  ,  and 
tin-toil. 
The  quantity  of  dn-feil  to  be  added,  is  so  moch  as  will  beeome 
barely  fluid  when  mixed.  Let  the  gk>be  be  dean  and  warm,  and  inject 
the  qiMdcsilver  by  means  of  a  pipe  at  the  u)ertare,  tomiag  it  aboit 
till  it  is  silvered  aU  over.  Let  the  remainder  run  out,  and  hang  the 
flebeup. 


Digitized 


by  Google 


APPXNB1X.  799 


LACQUERING. 

Lacquer  for  Brasi,  6  os.  seed  lac, 

2  oz.  amber  or  copal,  ffronnd  on  porphyry, 
40 1^.  of  dragon's  blood, 
30  gr.  extract  of  red  sajidal  wood,  obtained  by 

water, 
36  gr.  of  Oriental  saflfron, 
4  oz«  of  ponnded  glass,  and 
40  oz.  verv  pnre  akohol. 
To  apply  this  varnish  to  articles  or  ornaments  of  brass,  expose 
them  to  a  gentle  beat,  and  dip  them  into  varnish.    Two  or  three 
coatings  may  be  applied  in  this  manner,  if  necessary.     The  varnish  is 
durable,  and  has  a  beautiful  colour.    Articles  varnished  in  this  man- 
ner, may  be  cleaned  with  water  and  a  bit  of  dry  rag. 

Lacquer  for  Philosophical  Instruments, '■^Thh  lacquer  or  varnish  is 
destined  to  change,  or  to  modify  the  colour  of  those  bodies  to  which 
it  is  applied. 

f  oz.  of  gum  guttsB, 

2  oz.  of  gum  sandaric^ 

2  oz.  of  ffum  elemi, 

1  oz.  of  dragon's  blood,  of  the  best  quality, 

1  oz.  of  seealac, 

^  oz.  of  terra  merita, 

2  grains  of  Oriental  safiron, 

3  oz.  of  pounded  glass,  and 
20  oz.  of  pure  alcohol. 

The  tincture  of  saffron  and  of  terra  merita,  is  first  obtained  by  infu- 
sing them  in  alcohol  for  twenty-four  hours,  or  exposing  them  to  the 
heat  of  the  sun  in  summer.  The  tincture  nyust  be  strained  through 
a  piece  of  clean  linen  cloth,  and  ought  to  be  strongly  squeezed.  This 
tincture  is  poured  over  the  dragon  s  blood,  the  gnm  elemi,  the  seed 
lac,  and  the  gum  gutt®,  all  pounded  and  mixed  with  the  glass.  The 
▼arnish  is  then  made  according  to  the  directions  before  given. 

It  may  be  applied  with  great  advantage  to  philosophical  instru- 
metits :  the  use  of  it  might  be  extended,  also,  to  various  cast  or 
moalded  articles  with  which  furniture  is  ornamented. 

If  the  dragon's  blood  be  of  the  first  quality,  it  may  give  too  high  a 
colour ;  in  this  case,  the  dose  may  be  lessened  at  pleasure,  as  well  as 
that  of  the  other  coloariug  matters. 

It  is  with  a  similar  kind  of  varnish  that  the  artists  of  Geneva  give 
a  golden  orange  colour  to  the  small  nails  employed  to  ornament  wutch- 
cases ;  but  they  keep  the  process  very  secret.  A  beautiful  bright 
colour  might  be  easily  communicated  to  this  mixture  ;  but  they  pre- 
fer the  orange  colour,  produced  by  certain  compositions,  the  prepara-- 
tion  of  which  has  no  relation  to  that  of  varnish,  and  which  has  been 
snccessfoUy  imitated  with  saline  mixtares,  in  which  orpiment  is  a 
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principal  ingredient.    The  nails  are  heated  before  they  are 
in  the  varnish,  and  they  are  then  spread  ont  on  sheets  of  dry  paper. 
Gold'coloured  Lacquer,  for  brass  Watch-cases,  WaUh-keys,  he, — 
6  oz.  of  seed  lac, 
2  oz.  of  amber* 
2  oz.  of  gum  gotten 

24  gr.  of  extract  of  red  sandal  weed  IB  watOT,  ~ 
60  gr.  of  dragon's  blood, 
36  gr.  of  Oriental  saffron, 

4  oz.  of  ponnded  glass,  and 
36  oz.  of  pure  alcohoL 
Grind  the  amber,  the  seed  lac,  gnm  gutt^,  and  dragon's  blood  on  a 
piece  of  porphyry  \  then  mix  them  with  the  ponnded  gbss,  and  M. 
the  alcohd,  after  forming  with  it  an  infnsion  of  the  saffron  and  m 
extract  of  the  sandal  wood.  The  iwmish  must  then  be  completed  as 
before.  The  metal  articles  destined  to  be  covered  by  tUs  varmk, 
are  heated,  and  those  which  will  admit  of  it,  are  immersed  in  padEdk 
The  tint  of  the  varnish  may  be  varied,  by  modifying  the  doses  of  tk 
coloaring  substances. 

Lacquer  of  a  less  drying  quaUty. 
4  oz.  secMl  lac, 

4  oz.  sandarae,  or  mastic> 
\  oz.  dragon's  blood, 

36  gr.  terra  merita^ 
36  gr.  gnm  gnttss, 

5  oz.  ponnded  glass, 

2  oz.  dear  tnrpentine, 
32  oz.  essence  of  tnrpentine. 

Extract,  by  infosion,  the  tinctore  of  the  oolooriaff  substances,  aai 
then  add  the  resinous  bodies  according  to  the  directions  for  oompond 
mastic  varnish. 

Lacquer  or  varnishes  of  this  land  are  called  changing,  becanse, 
when  applied  to  metals,  such  as  copper,  brass,  or  hammered  tin,  ar 
to  wooden  boxes  and  other  furniture,  they  communicate  to  tliem  a 
more  agreeable  colour.  Besides,  by  their  contact  with  the  ooBBoa 
metals,  they  acquire  a  lustre  which  approadies  that  of  the  precioM 
metals,  and  to  which,  in  consequence  of  peculiar  intrinsic  qmditiea  sr 
certain  laws  of  convention,  a  much*  greater  value  is  attached.  It  is 
by  oieans  of  these  changing  varnishes,  that  artists  are  able  to  csm* 
mnnicate  to  their  leaves  of  silver  and  copper,  those  shiniag  eolevt 
observed  in  foils.  This  product  of  industry  becomes  a  seoree  «f 
prosperity  to  the  manufactarers  of  bottons  and  works  foraed  wilk 
foil,  which,  in  the  hands  of  the  jeweller,  contributes  with  so  me 
success  to  produce  that  reflection  of  the  rays  of  light  wbidi  < 
the  lustre  and  sparkling  quality  of  predous  stones. 

It  is  to  varnish  of  this  kind  that  we  are  indebted  for  the  i 


ture  of  gilt  leather,  which,  taking  refuge  in  England,  has  givea  plaoe 
to  that  of  papier  mach^,  which  is  employed  for  the  deooratioo  of  pa- 
laces, theatres,  &c. 
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In  the  last  place,  it  is  by  tbe  effect  of  a  foreign  tint  obtaiaed 
from  the  colouring  part  of  safiron^  that  the  scales  of  silrer  dissemi* 
nated  io  confection  a  hyacinthe  reflect  a  beaotifol  gold  colour. 

The  colours  transmitted  by  different  colouring  substances,  require 
tones  suited  to  the  objects  for  which  they  are  destined.  The  artist 
has  it  in  his  own  power  to  vary  them  at  pleasure.  TThe  addition  of 
aanatto  to  the  mixture  of  dragon's  blood,  saffron,  &c.  or  some  changes 
in  the  doses  of  the  mode  intended  to  be  made  in  colours.  It  is, 
therefore,  impossible  to  give  limited  formule. 

To  make  Lacquer  of  various  Tints. 
Infuse  separately 

4  oz.  gum  gnttae  in 
32  oz.  of  essence  of  turpentine, 
1  oz.*annatto,  and 

4  oz.  dragon*s  blood,  also  in  separate  doses  of  es« 
sence* 

These  infusions  may  be  easily  made  in  the  sun.  After  fifteen 
day»*  exposure,  pour  a  certain  quantity  of  these  liquors  into  a  flask, 
and  by  varying  the  doses  different  shades  of  colour  will  be  obtained. 

These  infusions  may  be  employed  also  for  changing  alcoholic  var- 
nishes ;  but  in  this  case,  the  use  of  saffron,  as  well  as  that  of  red 
sandal  wood,  which  does  not  succeed  with  essence,  will  soon  give  the 
tone  necessary  for  imitating,  with  otber  tinctures,  the  colour  of  gold* 

To  Bronze  Plaster  Figures, — For  the  ^ound,  after  it  has  been 
sized  and  rubbed  down,  take  Prussian  blue,  verditer,  and  spruce 
ochre.  Grind  them  separately  b  water,  turpentine,  or  oil,  according 
to  the  work,  and  mix  them  in  such  proportions  as  will  produce  the 
colour  desired.  Then  grind  Dutch  metal  in  a  part  of  tlus  composi- 
tion :  laying  it  with  judgment  on  the  prombent  parts  of  the  figure, 
which  produces  a  grand  effect 

To  Brown  Gun  Barrels. — After  the  barrel  is  finished  nib  it  over 
with  aquafortis,  or  spirit  of  salt,  diluted  with  water.  Then  lay  it 
by  for  a  week,  till  a  complete  coat  of  oil  is  formed.  A  little  oil  is 
then  to  be  applied,  and  after  rubbbg  the  surface  dry,  polish  it  with 
a  bard  brush  and  a  little  bees^  wax. 


VARNISHES. 

To  makeWhite  Copal  Famish. — No.  I.— White  oxide  of  lead,  ceruse, 
Spanish  white,  white  day.  Such  of  these  substances  as  are  preferred 
ought  to  be  carefully  dried.  Ceruse  and  clays  obstinately  retain  a 
great  deal  of  huuMdity,  which  would  oppose  their  adhesion  to  drying 
oil  or  varnish.  The  cement  then  crumbles  under  the  fingers,  and 
does  not  assume  a  body. 

No.  2.-*0n  16  ounces  of  melted  copal,  pour  4,  6,  or  8  ounces  of 
linseed  oil,  boiled  and  quite  free  from  grease.  When  well  mixed  by 
repeated  stirrings,  and  after  they  are  pretty  cool,  pour  in  16  ounces 
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of  the  esaenoe  of  Venice  tvrpeDtiiie.    Pass  the  Taniisb  Afoagli  t 
doth.    Amber  Tarnish  is  made  the  same  way. 

Black, — Lamp-black,  made  of  bomt  vine  twigs,  and  black  of  peadk- 
stones.  The  lamp-black  must  be  carefully  washed,  and  aiterwardi 
dried*    Washinff  carries  off  a  great  many  of  its  imparities. 

Fff^/otc^.— Yefiow  oxide  of  h^d  of  Naples  and  Montpeilxer,  botk  re- 
duced to  impalpable  powder.  These  yellows  are  hort  by  tl^  cootact 
of  iron  and  steel ;  m  mixing  them  np,  therefore,  a  horn  spatiU 
with  a  glass  mortar  and  pestle  mnst  be  employed. 

Gnm  gottss,  ydlow  ochre,  or  Dntch  pink,  according  to  the  natiie 
and  tone  of  the  colour  to  be  imitated. 

Biuem — Indigo,  pmssiate  of  .iron,  (Prussian  bine)  Une  veniitcr, 
and  ultra-marine.    All  these  substances  mnst  bo  very  mash  diTided. 

Grffa.— Verdigris,  crystallized  rerdigris,  compound  green,  (a  mk- 
ture  of  yellow  and  blue.)  The  first  two  require  a  mixture  of  wVle 
in  proper  proportions,  from  a  fourth  to  two-thirds,  according  to  tk 
tint  intended  to  be  given.  The  white  used  for  this  porpoae  is  cersK, 
or  the  white  o^dde  of  luA,  or  S^ish  white,  whk^  is  less  9oM,m 
white  of  Moudon. 

Red. — ^Red  snlphnrated  oxide  of  mercury,  (cinnabar  Termifias.) 
Red  oxide  of  lead  (minium,)  different  led  ochres,  or  Pnam 
reds,  &c. 

/'«r^/v.— Cochineal,  carmine,  and  carminated  lakes,  with  ccfSK 
and  boiled  piL 

Brick  i^fd—- Dragon's  blood« 

Chamois  Colour, — Dragon's  blood  with  a  paste  composed  d 
flowers  of  zinc,  or,  what  is  still  better,  a  little  rcMl  vennilton. 

Fiolei. — Red  sulphurated  oxide  of  mercury,  mixed  with  lamp-bbck, 
washed  very  dry,  or  with  the  black  of  burnt  vine-twigs  ;  and  to  rei- 
der  it  mellower,  a  proper  mixture  of  red,  blue,  and  white. 

Pearl  Grtfy.— White  and  black ;  white  and  blue  i  far  example, 
ceruse  and  lanp-black ;  ceruse  and  indigo. 

Flaxen  Grey. — Ceruse,  which  forms  the  ground  of  the  paile, 
mixed  with  a  small  quantity  of  Cologne  earth,  as  much  Eagfirii  led, 
or  carminated  lake,  which  is  not  so  durable,  and  a  partide  of 
pmssiate  of  iron>  (Prussian  blue.) 

To  make  Famishes  for  Violins^  B;c.*^To  a  gallon  of  rectified  spi- 
rit of  wine,  add  six  ounces  of  gum  sandarac,  three  oonces  of  |m 
mastich,  and  half  a  pint  of  turpentine  varnish.  Pot  the  whole  nts 
a  tin  can,  which  keep  in  a  warm  place,  frequently  shaking  it,  for 
twelve  days,  until  it  is  dissolved.    Then  strain,  and  keep  it  for  ase. 

To  dissolve  Elastic  Gum,  ^c. — ^M.  Grossart,  by  an  ingenious  bk- 
thod,  succeeded  in  forming  India  rubber  into  elastic  tubes.  Cst  i 
bottle  of  the  gum  circularly,  in  a  spiral  slip,  of  a  few  lines  in  breadtb; 
then  plunge  the  whole  of  the  slip  mto  vitriolic  ether,  till  it  bccoaei 
softened ;  half  an  hour  is  generally  sufficient  for  this  purpose.  The 
slip  is  then  taken  out  of  the  Ikiuid,  and  one  of  the  extremities  appGed 
to  the  end  of  a  mould,  first  rolling  it  on  itself,  and  pressing  it,  tbei 
mounting  spirally  along  the  cyiinder#  taking  care  to  lay  ofcr  asd 
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compress  with  the  hand  every  edge,  one  against  the  other,  so  that 
there  may  not  be  any  vacant  spacei;  and  that  all  the  edges  may  joht 
exactly ;  the  whole  is  then  to  be  bound  hard  with  a  tape  of  an  inoh 
in  width,  taking  care  t6  tarn  it  the  same  way  with  the  slip  of 
caoDtchouc.     Over  the   tape    packthread   is  to    be    applied,    in 
snch  a  manner  that,  by  every  tnm  of  the  thread  joining  another,  an 
equal  pressnre  is  given  to  every  part.     It  is  then  left  to  dry,  and  the 
tabe  is  made.     In  removing  the  bandage,  great  care  must  be  taken 
that  none  of  the  outward  surface,  which  may  have  lodged  within  the 
interstices  of  the  tape,  (of  wluch  the  caoutchouc  takes  tile  exact  im- 
pression,) may  be  pulled  asunder.    If  it  be  found  difficult  to  withdraw 
the  mould,  it  may  be  plunged  into  hot  water.    If  the  mould  were  pre- 
rionsly  smdced  or  robbed  with  chalk,  it  might  be  removed  with  less 
difficulty.    Polished  metallic  cylinders  are  the  most  eligible  tnonlda 
for  this  purpose.    As  solvents,  oils  of  turpentine  and  lavender  may 
be  employed,  but  both  are  much  slower  of  evaporating  than  ether,  and 
the  oil  of  turpentine,  particularly,  appears  always  to  have  a  kind  of 
stickiness.    Nevertheless,  there  is  a  solvent  which  has  not  that 
iooonvenience,  is  cheaper,  and  may  easily  be  procured  by  every  one, 
riz.  waier.    Proceed  in  the  same  manner  as  with  ether.     The 
caoutchouc  is  sufficiently  prepared  for  use  when  it  has  been  a  quarter 
of  an  hour  in  boiling  water :  by  this  time  its  edges  are  sometimes 
transparent.    It  is  to  be  turned  spindly  round  tbs  mould,  and  re- 
'  plunged  frequently  into  the  boiling  water,  daring  the  time  emj^oyed 
in  forming  the  tube.    When  the  whole  is  bound  with  pack-thi^ead,  it 
18  to  be  kept  some  hours  in  boiling  water,  after  which  it  is  to  be  dried, 
still  keeping  on  the  binding.    This  method  may  be  successfully  em- 
ployed-Mrforming  the  larger  sort  of  tubes,  and  in  any  other  instru- 
nents,  but  it  would  be  impracticable  to  make  the  small  tubes  in  this 
way. 

Oil  of  lavender,  of  turpentine,  and  of  spikenard,  dissolve  elastic 
gum,  with  the  assistance  of  a  gentle  heat  ^  but  a  mixture  of  volatile 
oil  and  aloobol  forms  a  better  solvent  for  it  than  oil  alone,  and  the 
varnish  dries  sooner.  If  boiled  in  a  solutfon  of  alum  in  witer,  it  is 
rendered  softer  than  in  water  alone.  Yellow  wax,  in  a  state  of  ebul- 
lition, mav  be  saturated  with  it,  by  putting  it,  cut  in  small  pieces, 
gradoally  into  it.  By  this  means,  a  pliable  varnish  is  formed,  which 
may  be  applied  to  doth  with  a  brush,  out  it  still  retains  a  clamminess. 
To  mde  Catmtchouc  Varnish, 

16  oz.  of  caoutchouc,  or  elastic  resin, 
1 6  oz.  boiled  linseed  oil,  and 
16  oz.  of  essence  of  turpentine. 
Cat  the  caoutchouc  into  thin  slips,  and  put  them  into  a  matrass 
placed  in  a  verv  hot  sand-bath.    When  the  matter  is  liquefied,  add 
the   linseed  oil  in  a  state  of  ebullition,  and  then  the  essence  warm. 
TVben  the  varnish  has  lost  a  great  part  of  its  heat,  strain  it  through 
a  piece  of  linen,  and  preserve  it  m  a  wide-montlied  bottle.    This 
varoish  dries  very  slowly,  a  fault  which  is  owing  to  the  peculiar  na- 
ture of  the  caoutchooc 
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The  laveQtkm  of  mr  baUooiig  led  to  the  idea  of  ^ppMsg 
chouc  to  the  compodtion  of  Tarnbb.  It  was  nccewary  to  hsve  e 
WQifth  which  should  unite  great  pliability  and  ooBsisteooe.  l<ie  ^ar- 
abh  seemed  capable  of  corresponaiog  to  these  views,  except  thai  of 
caootchoQC,  but  the  desiccatioa  of  it  is  exceedingly  tedious* 

To  mmke  Famish  for  SUAm,  ^cf— To  one  quart  of  oold-drawa  Iki- 
seed  oil>  poured  off  from  the  lees^  (produced  on  the  addition  of  aa- 
slacked  mme,  on  which  the  ^1  has  stood  eight  or  ten  days  at  the 
least,  in  order  to  comiaunicat#-a  drying  quality,— or  brawn  ninber, 
burnt  and  powdered^  which  will  have  the  like  efiEect,)  and  half  an 
ounce  of  litharge  3  boil  them  for  half  an  hour,  then  add  half  aa  ounce 
of  the  copal  varnish.  While  the  ingredients  are  on  the  fire,  m  a 
copper  vessel,  put  in  one  ounce  of  chios  turpentine,  or  cooiBiaa 
resin,  and  a  kiw  drojps  of  ueatsfoot  oil,  and  stir  the  whole  with  a 
knife  j  when  cool,  it  is  readv  for  use.  The  neatsfoot  oil  prevents 
the  varnish  from  being  sticky  or  adhesive,  and  may  be  pmt  into  the 
linseed  oil  at  the  same  time  with  the  lime,  or  burnt  amber.  Resia 
or  Chios  turpentine  may  be  added,  till-  the  varnish  has  attained  the 
desired  thickness* 

The  longer  the  raw  linseed  oil  remains  on  the  unslacked  line  er 
umber,  the  sooner  will  the  oil  dry  after  it  is  used ;  if  some  months^ 
so  much  the  better  :  such  varnish  will  set,  that  is  to  say,  not  ma,  hot 
keep  its  place  on  the  silk  in  four  hours ;  the  silk  may  tiien  be  toned, 
and  varnished  pn  the  other  side. 

To  fnake  ffUoAU  Vanish  for  UmhreUas^ — ^Take  any  quantity  of 
caoutchouc,  as  ten  or  twelve  ounces,  cut  into  small  bits  with  a  pair  of 
scissors,  and  put  a  strong  iron  ladle,  (such  as  that  in  which  painten^ 
plumbers,  or  glaziers  melt  their  lead)  over  a  common  pit-ooal  or  other 
fire }  which  must  be  gentle,  fflowing,  and  without  smoke.  When  the  la> 
die  is  hot,  put  a  single  bit  into  it :  if  black  ^moke  issues,  it  wiU  prs* 
sently  flame  and  disappear,  or  it  will  evaporate  without  flame  ;  the 
ladle  is  then  too  hot.  When  the  ladle  is  leas  hot,  put  in  a  seoond  Wft^ 
which  will  produce  a  white  smoke  j  this  white  smoke  will  contiaie 
during  the  ooeration,  and  evaporate  the  caoutchouc  >  therefiwe  no 
time  is  to  be  lost«  but  little  bits  are  to  be  put  in,  a  few  at  a  tiaM,  tifl 
the  whole  are  melted  >  it  should  be  continually  and  gently  stirred  with 
an  iron  or  brass  spoon.  The  instant  the  smoke  changes  from  white 
to  black,  take  off  the  ladle,  or  the  whole  will  break  out  into  a  viokat 
flame,  or  be  spoiled,  or  lost.  Care  must  be  taken  that  no  water  be 
added,  a  few  drops  only  of  which  would,  on  account  of  its  expansi- 
bility, make  it  boil  over  furiously  and  with  great  noise  |  at  this  period 
of  the  process,  2  pounds  or  1  quart  of  the  best  drying  oil  is  to  be  pet 
into  the  melted  caoutchouc,  and  stirred  till  hot,  and  Uie  whole  poured 
into  a  glazed  vessel  through  a  coarse  gauze,  or  wire  sieve.  ^I'hea 
settled  and  dearj^  which  will  be  in  a  few  minutes,  it  is  fit  for  vscv 
either  hot  or  coM. 

The  silk  should  be  always  stretched  horizontallv  by  [nns  or  tenter- 
hooks on  frames  :  (the  §preater  they  are  in  lensth  the  better,)  and  the 
varnish  poured  on  cold  m  hoi  weather,  and  not  in  cold  weather.    It 
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I    h  per1itp9  bc6t,  idwayg  to  lay  it  on  when  cold.    The  art  of  laying  it 

I    on  properly,  consists  in  making  no  intestine  motion  in  the  yamish, 

I  which  would  create  minnte  bubbles,  therefore  brushes  of  every  kind 
are  improper,  as  eacb  bubble  breaks  in  drying,  and  forms  a  small  hole, 

i    through  which  the  air  will  transpire. 

\        This  rarnish  is  pliant,  unadhesive,  and  unalterable  by  weather. 

I  Famish  used  for  Indian  Shields,'-^h\e\6s  made  at  Silhet,  in  Ben« 
gal,  are  noted  throughout  India,  for  the  lustre  and  durability  of  the 

I  black  varnish  with  which  they  are  covered  }  Silhet  shields  constitute, 
therefore,  no  inconsiderable  article  of  traffic,  being  in  request  among 
natives  who  carry  arms,  and  retain  the  ancient  predilection  for  the 
scimitar  and  buckler.  The  varnish  is  composed  of  the  expressed 
juice  of  the  marking  nut,  Semecarpus  Anacardium,  and  that  of 

I    another  kindred  fruit,  Holigama  Longifolia, 

The  shell  of  the  Semecarpus  Anacardium  contains  between  its 

I    integuments  numerous  cells,  filled  with  a  black,  acrid,  resinous  juice ; 

I  which  likewise  is  found,  though  less  abundantly,  in  the  wood  of  the 
tree.  It  is  commonly  employ^l  as  an  indelible  ink,  to  mark  all  sorts 
of  cotton  cloth.  The  colour  is  fixed  with  quick  lime.  The  cortical 
paK  of  the  fruit  of  Holigama  Longifolia  likewise  contains  between 

,  Its  laminsB  numerous  cells,  filled  with  a  black,  thick,  acrid  fluid. 
The  natives  of  Malabar^  extract  by  incision,  with  which  they  varnish 
tai|^ets. 

To  prepare  the  varnish  aocorcUng  to  the  method  practised  in  Silhet, 

.  the  nuts  of  the  Semecarpus  Anacardium^  and  the  berries  of  the 
HoHgama  Longifolia,  having  been  steeped  for  a  month  in  clear  water, 
are  cut  transversely,  and  pressed  in  a  mill.  The  expressed  juice  of 
each  is  kept  for  several  months,  taking  off  the  scum  from  time  to 
time.  Afterwards  the  liquor  is  decanted,  and  two  parts  of  the  one 
are  added  to  one  part  of  the  other,  to  be  used  as  varnish.  Other 
proportions  of  ingredients  are  sometimes  employed  :  but  in  all  the 
resinous  juice  of  the  Semocartus  predominates.  The  varnish  is  laid 
on  like  paint,  and  when  dry,  is  polished  by  rubbing  it  with  an  agate, 
or  smooth  pebble.  This  varnish  also  prevents  destruction  of  wood, 
&c.  by  the  white  ant. 

To  give  a  drying  quality  to  Poppy  Oil. 
dUb,  of  pure  water, 

1  oz.  of  sulpliate  of  zinc,  (white  vitriol),  and 

2  lb.  of  oil  of  pinks,  or  poppy  oil. 

Expose  this  mixture  in  an  earthen  vessel  capable  of  standing  the 
fire,  to  a  degree  of  heat  sufficient  to  matntaiu  it  iu  a  slight  Htato  of 
etrallition.  When  one  half  or  two-thirds  of  the  water  ha^  evaporated, 
poor  the  whole  into  a  large  glass  bottle  or  jar,  aod  leave  it  at  rest 
till  the  oil  becomes  clear.  Decant  the  clearest  part  by  means  af  a 
l^ass  funnel,  the  beak  of  which  is  stopped  with  a  piece  of  cork ; 
vrhen  the  separation  of  the  oil  from  the  water  h  eoiDpletely  effected, 
remo^ne  the  cork  stopper,  and  supply  its  place  by  tUe  fore-fiager| 
urbich  mutt  be  applied  in  such  a  manner  as  to  sufTur  the  water  to  ei- 
cape,  and  to  retam  only  the  oIL 
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Poppy^)!!  wImd  pcefMured  in  thii 

weeks,  exceediii|;l7  umpid  and  colourless. 
Tomve  a  drying  quaUty  to  fat  Oils, 
No.  1«— ^  lb.  nut-oU*  or  linseed*oil, 

1  oz.  white  isftd,  slighUv  calcined, 
1  OS.  yellow  acetate  of  lead,  (sd.8atBmi)  alaocikiBed, 
]  oz.  sulphate  of  zinc,  (white  Titiiot) 
12  oz.  vitreoos  oxide  of  l«ad«  (lithaige)  and 
a  head  of  garlic,  or  a  small  onion. 
When  the  dry  substances  are  {mlverized,  mix  them  with  fhtffA 


and  oil,  over  a  nre  capable  of  maintaining  the  oil  in  a  slight  state  d 
ebullition  :  conUnne  it  till  the  oil  ceases  to  throw  np  acorn,  taH  I 
assumes  a  reddish  ooloar,  and  till  the  head  of  garlic  beooaies  bron. 
A  pellicle  will  then  be  soon  formed  on  the  oil,  wfaidi  indicstei  tki 
the  opetatton  is  completed.    Take  the  veaad  from  the  fire,  aai  tk 
peUieie,  being  precipitated  by  rest,  will  carry  with  it  all  the  uictiai 
parts  which  rendered  the  oil  (at.    When  the  oil  beooaies  desr,  aep 
rate  it  from  the  deposit,  and  put  it  into  wide-mouthed  bottles,  «kR 
it  will  completely  darify  itsdf  in  time,  and  improve  in  quality. 
No.  2.— li  oz.  of  vitreous  oxide  of  lead,  (lilhai;ge) 
I  oz.  sulphate  of  zinc,  (white  vitrii^)  and 
fe  16  oz.  linseed,  or  nut«oil> 

The  operation  must  be  conducted  as  in  the  preceding  case. 

The  ehoioe  of  the  oil  is  not  a  matter  of  indifference.  If  it  be^ 
tined  for  painting  articles  exposed  to  the  impression  of  the  eiten^ 
air,  or  (or  delicate  punting,  nut-oil  or  poppy-oil  will  be  Wfoi^ 
Linseed  oil  is  used  for  coarse  painting,  and  that  sheltered  froa  tk 
effects  of  the  nun  and  of  the  sun. 

A  little  negligeiice  in  the  management  of  the  fire,  has  oftea  is  a- 
fluence  on  the  colour  of  the  oiU  to  which  a  drying  quality  iscoa- 
mnnicated  |  in  this  case  it  is  not  proper  for  ddicate  paintiag.  T}* 
inconvenience  may  be  avoided  by  tying  up  the  drying  mattcfs  a> 
small  bag  $  but  thedkwe  of  the  litharge  must  then  be  doubled.  Tk 
ba^  must  be  suspended  by  a  piece  of  packthread  fiiatened  to  astii 
which  is  made  to  rest  on  the  edge  *  of  the  vessel  in  aoch  a  mafff 
astokeep  the  bag  at  the  distance  of  an  inch  from  tbe  bottosof^ 
vessel.  A  pdlicle  will  be  formed  as  in  the  first  operalioa,  bat  it  vi 
be  slower  in  making  its  appearance. 

No.  3. — ^A  drying  quality  may  be  communicated  to  oil  by  tm^K 
in  a  heat  capable  of  maintaining  a  slight  ebullition,  linseed,  or  ast  i^ 
to  each  pound  of  which  in  added  3  oz.  of  vitreous  oxide  of  ki'r 
(litharge)  reduced  to  fine  powder. 

The  preparation  of  floor-cloths,  and  all  painUngs  of  large  i^ 
or  ornaments,  in  which  argillaceous  colours,  such  as  yellow  ass "" 
boles,  Dutch  pink,  &c.  are  employed,  require  this  ^d  of  prqisn^ 
that  the  dc^siocation  may  not  be  too  slow  ;  but  painting  ht  «^ 
metallic  oxides  are  used,  such  as  preparations  of  lead,  o&pftx,^ 
require  only  the  doses  before  indicated,  because  the^  oxidei  ( 
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»gfeat  deal  of  nfgm,  and  the  oil,  by  their  oontael^  mfum  mora 
of  m  drying  quality. 

No.  4.— 2  lbs.  of  nut-oil, 

3  Ibe.  of  common  water,  and 

2  oz.  of  snlpbala  of  zinc,  (white  Titriol). 
Mix  these  matters,  and  subject  tbem  to  a  slight  ebnlUtion,  dll 
little  water  remams.  Decant  the  oil,  which  will  pass  over  with  a 
•mall  ({oantity  of  water,  and  separate  the  latter  by  means  of  a  fiinnel. 
The  oil  remains  nebnlons  for  some  time ;  after  whidh  it  becomes 
dear»  and  seems  to  be  rery  little  coloored. 

No.  5.^6  lbs.  of  nnt"oil,  or  linseed-oil, 

4  lbs.  of  common  water, 

I  OB.  of  snlphate  of  line,  and 
1  head  of  gurlic 
Mix  these  matters  in  m  lai^  iron  or  copper  pan ;  then  place 
them  over  the  fire,  and  maintain  the  mixtare  in^a  state  of  ebnllition 
dnrinff  the  whole  dav :  boiling  water  must  from  time  to  time  be  added 
to  mm  ap  for  the  loss  of  tliat  by  evaporation.  The  garlic  will  as* 
flume  a  brown  appearance.  Take  the  pan  from  the  fire,  and  having 
•olfered  a  depoait  to  be  formed,  decant  the  oil,  which  win  clarify  it- 
■elf  b  the  vessels.  By  this  process  the  drying  oil  is  rendered  some* 
what  more  coloored :  it  is  reserved  for  delicate  colours. 

Eeiinomi  Drying  Oiil— Take  10  lbs.  of  drying  nntoil,  if  the  paint 
k  destined  for  external,  or  10  lbs.  of  drying  linseed  oil,  if  lorintemal 
jtftkks. 

3  lbs.  of  ream,  and 
6  OS.  of  turpentine. 
Cause  the  resin  to  dissolve  the  oil  by  means  oi  a  gentle  heat. 
When  dissolved  and  incorporated  with  the  oil,  add  the  turpentine : 
leave  the  varnish  at  rest,  by  which  means  it  will  often  deposit  por- 
tions of  resin  and  other  impurities;  and  then  preserve  it  in  wide* 
BKNiUied  bottles.  It  mast  be  used  fresh ;  when  suffered  to  gsow  old 
U  abandons  soaM  of  its  resin.  If  this  resinous  oil  assumes  too  much 
eoQsistenee,  dilute  it  with  a  little  essence,  if  intended  for  articles 
•hekerad  firom  the  6un»  or  with  oil  of  poppies. 

In  Switnarfand,  where  the  principal  part  of  the  mason's  work  con- 
riats  of  stones  subject  to  crumble  to^  pieces,  it  is  often  found  neces- 
anry  to  give  them  a  coating  of  oil  paint,  to  stop  the  effects  of  this 
decomposition.  This  painting  has  a  great  deal  of  lustre,  and  when 
the  last  coating  is  applied  with  resinous  oil,  it  hat  the  effect  of  a  var- 
nish. To  give  it  more  durability,  the  first  ought  to  be  applied  ex- 
ceedingly warm  hnd  with  plain  oil,  or  oil  very  little  chaiged,  with  the 
grey  colour,  which  is  added  to  the  two  following. — 
Fai  Copal  Famitk.    . 

16  OS.  of  picked  copal, 

8  03.  of  prepared  linseed  oil,  or  oil  of  poppies,  and 
1 6  OS.  of  essence  of  turpentine. 
Liquefy  the  copal  in  a  matrass  over  a  common  fire,  and  then  add 
the  linseed  oO,  or  oil  of  poppies,  in  a  state  of  ebullition ;  when  these 
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matters  are  inoorporated,  take  the  matr^s  from  the  fire,  stir  toe  mal* 
ter  tni  the  greatest  heat  is  subsided,  and  then  add  the  easenoe  af 
turpentine  warm-  Strain  the  whole,  while  stall  warm,  throafch  t 
piece  of  Tinen,  and  pat  the  varnish  into  a  wide-mouthed  bottle.  Time 
contributes  towards  its  clariteation  ;  and  in  this  manner  it  acquires 
4  better  quality. 
Vamuhfor  fFalch-Cascs,  in  imilatum  of  Torloise^shell, 

6  oz.  of  copal  of  an  amber  colonr, 

1 1  Oz.  Venice  turpentine, 
24  oz.  prepared  linseed  oil,  and 

6  oz.  essence  of  turpentine. 
It  is  customary  to  place  the  turpentine  over  the  copal,  reduced  it 
imall  fragments,  in  the  bottom  of  an  earthen  or  metal  vess.l»  or  is  a 
matrass  exposed  to  such  a  heat  as  to  liquefy  the  copal :  but  it  is  omr 
advantageous  to  liquefy  the  latter  alone,  to  add  the  oil  in  a  stale  of 
ebullition,  then  the  turpentine  liquefied,  and  in  the  last  place,  the 
essence.  If  the  varnish  is  too  thick,  some  essence  may  be  addc^ 
The  latter  liquor  is  a  regulator  for  the  consistence  \n  the  bands  oi*  « 
artist. 

To  make  a  Coiotirkss  Copal  Famish. — As  all  copal  is  not  fit  for  ilm 
purpose,  in  order  to  ascertain  such  pieces  as  are  sood,  each  mast  ht 
taken  separately,  and  a  single  drop  of  pure  essential  oil  of  roeeiMry« 
not  altered  by  keeping,  must  be  let  fall  on  it.  Those  pieces  wUdb 
soften  at  the  part  that  imbL*)es  the  oil,  are  good ;  reduce  theaito 
powder,  which  sift  through  a  very  fine  hair-sieve,  and  put  it  bto » 
glass,  on  the  bottom  of  which  it  must  not  lie  more  than  a  Yoga's 
breadth  thick.  Pour  upon  it  essence  of  rosemary  to  a  similar  he'^t } 
Stir  the  whole  for  a  few  minutes,  when  the  copal  will  dissolve  iot«  i 
viscous  fluid.  Let  it  stand  for  two  hours,  and  then  pour  gently  m 
il  two  or  three  drops  of  very  pure  alcohol,  which  distribute  over  tW 
oily  mass,  by  inchuing  the  bottle  in  different  directions  with  a  mj 
gentle  motion.  Repeat  this  operation  by  little  and  little,  till  the  '»- 
corporation  is  effected,  and  the  varnish  reduced  to  a  proper  degree  of 
fluidity.  It  must  then  be  left  to  stand  a  few  days,  and,  when  rm 
dear,  be  decanted  off*.'  This  varnish,  thus  made  without  heat,  max 
be  applied  with  eqpal  success,  to  pasteboard,  wood,  and  metals,  mi 
lakes  a  better  pohsh  than  any  other.  It  may  be  used  on  paiatiqgti 
the  beauty  of  whidi  it  greatly  heightens. 
09i<UcoUmred  Ccpal  Famish, 

1  oz*  Copal  in  powder, 

2  oz.  essential  oil  of  lavender,  and 
6  oz.  essence  of  turpentine. 

Put  the  essential  oil  of  lavender  into  a  matrass  of  a  proper  ase, 
placed  on  a  sand-bath  heate^  b^  an  Argand*s  Jamj),  or  over  a  ■»- 
derate  coal-fire.  Add  to  the  oil  while  very  warm,  and  at  sefsral 
times,  the  copal  powder,  and  stir  the  mixture  with  a  stick  of  w^ 
wood,  rounded  at  the  end.  When  the  copal  has  entirely  disappenti 
add  at  three  different  times  the  essence  almost  in  a  state  of  ebaUiti«s« 
and  keep  continually  stirring  the  mixture.    When  the  solstioB  • 
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completed,  the  resnlt  will  be  a  varnish  of  a  gold  colour,  exceeding-' 
ly  durable  and  brilliant^  bat  less  drying  than  the  preceding. 

No.  2.  To  obtain  this  varnish  colourless^  it  will  be  proper  to  recti- 
fy the  essence  of  the  shops,  which  is  often  highly  coloured,  and  to 
give  it  the  necessary  density  by  exposure  to  the  sun  in  bottles  closed 
with  cork  stoppers,  leaving  an  interval  of  some  inches  between  the 
stopper  and  the  surface  of  the  liquid.  A  few  months  are  thos  suffi- 
cient to  communicate  to  it  the  required  qualities.  Besides,  the  es- 
sence of  the  shops  is  rarely  possessed  of  that  state  of  consistence, 
without  having  at  the  same  time  a  strong  amber  colour. 

The  vambh  resulting  from  the  solution  of  copal  in  oil  of  turpentine, 
brought  to  such  a  state  as  to  produce  the  maximum  of  solution,  is  ex- 
ceedingly durable  and  brilliant.  It  resists  the  shock  of  hard  bodiea 
much  better  than  the  enamel  of  toys,  which  often  becomes  scratched 
and  whitened  by  the  impression  of  repeated  friction  ;  it  is  applied 
with  the  greatest  success  to  philosophical  instruments,  and  the  paint- 
ings with  which  vessels  and  other  utensik  of  metal  are  decorated.  -S 
No.  3.—- 4  oz.  copal,  and 

1  oz.  clear  turpentine. 

Put  the  copal,  coarsely  pulverized,  into  a  varnish  pot,  and  give  iC 
tlie  form  of  a  pyramid,  which  must  be  covered  with  turpentine.  Shot 
the  vessel  closely,  and  placing  it  over  a  gentle  fire,  increase  the  heat 
gradually  that  it  may  not  attack  the  copal ;  as  soon  as  the  matter  is 
well  liquefied,  pour  it  upon  a  plate  of  copper,  and  when  it  has  re- 
sumed Its  consistence  reduce  it  to  powder. 

Put  haKan  ounce  of  this  powder  into  a  matrass  with  four  ounces  of 
the  essence  of  turpentine,  and  stir  the  mixture  till  the  solid  matter  is 
entirely  dissolved. 

Camphorated  Cop/fi  Famish. — ^This  varnish  is  destined  for  articles 
which  require  durability,  pliableness,  and  transparency,  such  as  the 
varnished  wire*ganze,  used  in  ships  instead  of  glass. 
2  oz.  of  pulverized  copal, 
6  oz.  of  essential  oil  of  lavender, 
V  of  an  oz.  of  camphor,  and 
essence  of  turpentine,  a  sufficient  quantity,  ac« 
cording  to  the  consistence  required  to  be  given 
to  the  varnish. 

Put  bto  a  phial  of  thin  glass,  or  into  a  small  matrass,  the  essen* 
tial  oil  of  lavender  and  the  camphor,  and  place  the  mixture  on  a 
moderately  open  fire,  to  bring  the  oil  and  the  camphor  to  a  slight  state 
of  cbuUitiou  ',  then  add  the  copal  powder  in  small  portions,  which 
must  be  renewed  as  they  disappear  m  the  liquid.  Favour  the  solu- 
tion, by  continually  stirring  it  with  a  stick  oi  white  wood ;  and  whea 
the  oopal  is  incorporated  with  the  oil,  add  the  essence  of  turpentine 
boiling :  but  care  must  be  taken  to  pour  in,  at  first,  only  a  small 
portion. 

This  varnish  is  little  coloured,  and  by  rest  it  acquires  a  transpa- 
rency which,  united  to  the  solidity  observed  in  almost  every  kind  of 
comd  Tarnishes,  reader^  it  fit  to  be  applied  with  [great  success  la 
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many  cases,  and  particalarly  in  the  ingenious  inTeatiafi  of  sabsl^ 
tntiDff  varnislied  metallic  gaoxe  in  the  room  of  Mosoory  talc,  a  load 
of  mica*  in  large  laminae,  used  for  the  cabin  windows  of  ships,  ai 
presenting  more  resistance  to  the  concussion  of  the  air  daring  the 
firing  of  the  guns.  Varnished  metallic  gauze,  of  this  kind,  is  ms- 
nnfactnred  at  Rouen. 

EiheretU  Copal  f^arnxsK — \  oz.  of  amberry  copal,  and 
2  oz.  of  ether. 

Redncc  the  copal  to  a  very  fine  powder,  and  introduce  it  by  saill 
portions  into  the  flask  which  contains  the  ether ;  dose  the  fiask  with 
a  glass  or  cork  stopper,  and  having  shaken  the  mixture  for  half  m 
hoar,  leave  it  at  rest  till  the  next  morning.  In  shaking  the  flttk,  if 
the  sides  become  covered  with  small  undulations .  and  if  the  liqoor  be 
not  exceedingly  dear,  the  solution  is  not  complete.  In  this  case,  M 
a  little  ether,  and  leave  the  mixture  at  rest  *lie  varaish  is  of  a 
light  lemon  colour.  The  largest  quantity  of  copal  united  to  etkr 
may  be  a  fourth,  and  the  least  a  fifth.  The  use  of  copal  varnish  wMk 
with  ether  seems,  by  the  expense  attending  it,  to  be  c<Mifined  to  r^ 
pairing  those  accidents  which  freonently  happen  to  the  enaad  d 
toys,  as  it  will  supply  the  place  of  glass  to  the  coloured  vamiskes 
employed  for  mending  fractures,  or  to  restoring  the  smooth  saiiM 
of  paintings  which  have  been  cracked  and  shattered. 

The  great  volatilit^r  of  ether,  and  in  particular  its  high  price,  ^ 
not  allow  the  application  of  this  varnish  to  be  recommended,  bat  far 
the  purpose  here  indicated.  It  has  been  applied  to  wood  with  eoa- 
plete  success,  and  the  glazing  it  produced,  united  lustre  to  solidKr. 
In  consequence  of  the  too  sp^y  evaporation  of  Uie  liquid,  it  oto 
boils  nnaer  the  brush.  Its  evaporation,  however,  may  be  retarded, 
by  spreading  over  the  wood  a  slight  stratum  of  essential  oil  of  roie- 
mary,  or  lavender,  or  even  of  turpentine,  which  may  afterwafds  be 
removed  by  a  piece  of  linen  rag  5  what  remains  is  sufficient  to  tduA 
the  evaporation  of  the  ether. 

Turpentine  Copal  Varnish. 

li  oz.  of  copal,  of  an  amber  colour,  and  in  powder,  sad 
8  dz.  of  best  oil  of  turpentine. 

Expose  the  essence  to  a  balneum  mariae,  in  a  wide-moatbed  oaftaei 
with  a  short  neck  5  as  soon  as  the  water  of  the  bath  b^ns  to  boflf 
throw  into  the  essence  a  large  pinch  of  copal  powder,  and  keq)  tbe 
matrass  in  a  state  of  circular  motion.  When  the  powder  b  iscor- 
porated  with  the  essence,  add  new  doses  of  it ;  and  continue  in  tUi 
manner  till  you  observe  that  there  is  formed  an  insoluble  depoiit 
Then  take  the  matrass  from  the  bath,  and  leave  it  at  rest  for  soae 
days.    Draw  off  the  dear  varnish,  and  filter  it  through  cotton. 

At  the  momeot  when  the  first  portion  of  the  copal  is  thrown  iitt» 
the  essence,  if  the  powder  precipitate  itself  under  the  form  olleafi, 
it  is  needless  to  proceed  any  further.  This  effect  arises  fum  Vfo 
causes :  either  the  essence  does  not  possess  the  proper  degree  d 
concentration,  or  it  has  not  been  sufficiently  deprived  of  water. 
Exposure  to  the  sun,  employing  the  same  matrass,  to  whidi  a  oofb 
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Stopper  ought  to  be  fidded,  will  gire  it  the  qnalities  reqaisite  for  the 
solution  of  the  copal.  This  effect  will  be  SDnoanoed  by  the  disap* 
pearaoce  of  the  portion  of  copal  already  pot  toto  it« 

Another  Copal  Varnish. 

3  oz.  of  copal>  liquefied,  and 
20  ez.  of  essence  of  turpentine. 

Place  the  matrass  containing  the  oil  in  a  balnenm  marise,  and  when 
the  water  boils  add  the  pnlverized  copal  in  small  doses.  Keep  stir-i 
ring  the  mixture,  and  add  no  more  copal  till  the  former  be  incorpo- 
rated with  the  oil.  If  the  oil,  in  consequence  of  its  particular  dispo- 
sition, can  take  up  3  ounces  of  it,  add  a  little  more ;  but  stop,  if  the 
liquid  becomes  nebulous,  then  leave  the  varnish  at  rest.  If  it  be  too 
thick,  dilute  it  with  a  Httle  warm  essence,  after  having  heated  it  in 
the  balneum  marise.  When  coldj  filter  it  through  cotton,  and  pre-) 
serve  it  in  a  clean  bottle. 

This  varnish  has  a  good  ocmsistence,  and  is  as  free  from  colour  as 
the  best  alcoholic  varnish.  When  extended  in  one  stratum  over 
smooth  wood,  which  has  undeigone  no  preparation,  it  forms  a  very 
brilliant  glazing,  which,  in  the  course  of  two  days,  in  summer,  ac- 
qaires  all  the  solidity  that  may  be  required. 

The  facility  which  attends  the  preparation  of  this  varnish  by  the 
new  method  here  indicated,  will  admit  of  its  being  applied  to  all 
coloured  grounds  which  require  solidity,  pure  whites  alone  excepted ; 
painted  boxes,  therefore,  and  all  small  articles,  cdoored  or  not 
coloured,  whenever  it  is  required  to  make  the  veins  appear  in  all  the 
richness  of  their  tones,  call  for  the  application  of  this  varnish,  which 
produces  the  most  beautiful  effect,  and  which  is  more  durable  than 
torpentine  varnishes  composed  with  other  resinous  substances. 

Fat  Amber  Varnish. 

16  oz.  of  amber,  coarsely  powdered, 
2  oz.  of  Venice  turpentme,  or  gum  lac, 
10  oz.  of  prepared  linseed  oil,  and 
16  oz.  of  essence  of  turpentine. 

The  circumstances  of  the  process  are  the  same  as  those  prescribed 
for  the  preparation  of  the  camphorated  copal  varnish. 

This  varnish  was  formerly  much  used }  but  it  has  given  place,  in 
pa/t,  to  that  of  copal,  which  is  preferred  on  account  of  its  being  less 
coloured.  Watin  introduces  more  essence  and  less  linseed  oiI| 
experience  and  long  practice  are  the  only  authority  on  which  I  reoomr 
mend  the  adoption  of  the  present  formula. 

Amber  Famish  with  Essence  of  Turpentine. 

6  or  7  oz.  of  liquefied  amber,  and  separated  from 
the  oily  portions  whidi  alter  its  consistence. 
Reduce  the  amber  to  powder,  and  if  the  operation  of  pounding  forms 
it  into  a  paste,  break  it  with  your  fingers :  then  mix  it  with  the 
essence^  and  heat  the  whole  in  a  balneum  marise.  It  will  speedily 
dissolve,  and  the  essence  will  take  up^  at  the  leasts  a  fourth  part  of 
its  wdght  of  the  prepared  amber. 

When  one  coating  of  it  is  ap^ied  to  white  smooth  wood,  but 
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without  aoy  preparatioD^  it  forms  a  very  pore  and  Tery  dnnkli 
glasiDg^  wkich  speedily  dries,  bat  slower  than  oopal  vaniish. 
Fai  Amber,  or  Copal  Varnish. 

4  oz.  of  amber  or  oopal  of  one  fiisioo> 
10  OS.  of  essence  of  turpentine,  and 
1 0  oz.  of  drying  linseed  oiL 
Put  the  whole  into  a  pretty  large  matrass,  and  expose  it  to  tte 
lieat  of  a  balneum  mariae,  or  move  it  over  the  surface  of  an  nDCo?efed 
ohaffing-dish,  bnt  without  flame,  and  at  the  distance  from  it  of  tm 
or  three  inches.     When  the  solution  is  completed,  add  still  a  Bttle 
copal  or  amber  to  saturate  the  liquid  |  then  pour  Uie  whole  oo  » 
filter  prepared  with  cotton,  and  leave  it  to  darify  by  rest.    If  tk 
varnish  is  too  thick,  add  a  little  warm  essence  to  prevent  the  tepin- 
tlon  of  any  of  the  amber. 

This  varnish  is  coloured,  but  far  less  so  than  those  composed  bf 
the  usual  methods.  When  spread  over  white  wood,  without  ny 
preparation,  it  forms  a  solid  glazing,  and  communicates  a  slight  ti^ 
to  the  woo(L 

If  it  be  required  to  charge  this  vambh  with  more  copal,  or  prepared 
amber,  the  liquid  must  be  composed  of  two  parts  of  essence  for  (ot 
of  oil. 

Compound  Mastic  Varnish. 

32  oz.  of  pure  alcohol, 
6  oz.  of  purified  mastic, 
3  oz.  of  gum  sandarac, 

3  oz.  of  very  clear  Venice  tnrpentine,  and 

4  oz.  of  glass,  coarsely  pounded. 

Reduce  the  mastic  and  sandarac  to  fine  powdery  mix  this  povder 
with  white  glass,  from  which  the  finest  parts  have  been  separated  b; 
means  of  a  bur  sieve ;  put  all  the  ingredients,  with  akx^iol,  into  » 
short-necked  matrass,  and  adapt  to  it  a  stick  of  white  wood>  rooaded 
at  the  end,  and  of  a  length  proportioned  to  the  height  of  the  niatrss», 
that  it  may  be  put  in  motion.  Expose  the  matrass  in  a  vessd  i^ 
with  water,  made  at  first  a  little  warm,  and  which  must  afterwards 
be  maintained  in  a  state  of  ebullition  for  one  or  two  hoora.  TV 
matrass  may  be  made  fast  to  a  ring  of  straw. 

When  the  solution  seems  to  be  sufficiently  extended,  add  the  tar- 
pentine,  which  most  b^.  kqpt  separately  in  a  phial  or  a  pot^  and  vhick 
must  be  melted,  by  immersing  it  for  a  moment  in  a  balneom  maris. 
The  matrassT^  must  be  still  left  in  the  water  for  half  an  hour,  at  tk 
end  of  which  it  is  taken  off ;  and  the  varnish  b  continoallv  stiind 
till  it  is  somewhat  cool.  Next  day  it  is  to  be  drawn  off,  and  filtered 
through  cotton.    By  these  means  it  will  become  exceedingly  limpid. 

The  addition  of  fflass  may  appear  extraordinary  |  but  tbb  subttaafp 
divides  the  parts  o?  the  mixture,  which  have  been  made  with  the  dry 
ingredients,  and  it  retains  the  same  quality  when  placed  over  the  fire. 
It  therefore  obviates  with  success  two  inconvoiiences,  which  are 
exceedingly  troublesome  to  those  who  compose  varnbbes.  la  iW 
first  place,  by  dividing  the  matters,  it  facilitates  the  action  of  tW 
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alcohol ;  and  in  the  second  ito  weight,  which  snTpasset  that  of  resins, 
prevents  these  resins  from  adhering  to  the  bottom  of  the  matrass,  and 
also  the  coloration  acquired  by  the  varnish  when  a  sand-bath  is  em- 
ployed, as  is  commonly  the  case. 
The 


he  application  of  this  varnish  is  suited  to  articles  belonginff  to  the 
toilette,  such  as  dressing-boxes,  cut  paper-works,  kc.  The  following 
possess  the  same  brilliancy  and  lustre  3  but  they  have  more  solidity^ 
and  are  exceedingly  drying. 

Camphorated  Mastic  Famish  for  Paintings. 

12  oz.  of  mastic,  cleaned  and  washed^ 
1^  ez.  of  pure  turpentine, 
i  oz.  of  camphor, 
5  oz.  of  white  glass,  pounded,  and 
36  oz.  of  ethereous  essence  of  turpentine. 
Make  the  varnish  according  to  the  method  Indicated  for  compound 
mastic  varnish  of  the  first  genus.     The  camphor  is  employed  in 
pieces,  and  the  turpentine  is  added  when  the  solution  of  the  resin  is 
completed.    But  if  the  varnish  is  to  be  applied  to  old  paintings,  or 
paintings  which  have  been  already  varnished,  the  turpentine  may  be 
suppressed,  as  this  ingredient  is  here  recommended  only  in  cases  of  a 
first  application  to  new  paintings^  and  just  freed  from  white  of  egg 
ramish. 

The  etherons  essence  recommended  for  varnish,  is  that  distilled 
slowly,  without  any  intermediate  substance,  according  to  the  second 
process  already  given  for  its  rectification. 

The  question  by  able  masters,  respecting  the  kind  of  varnish  pro- 
per to  he  employed  for  paintings,  has  never  yet  been  determinea. 

Some  artists,  who  have  paid  particular  attention  to  this  object, 
make  a  mystery  of  the  means  they  employ  to  obtain  the  desired  effect. 
The  real  end  may  be  accomplished  by  giving  to  the  varnish,  destined 
for  painting,  pliability  and  softness,  without  being  too  solicitous  in 
regard  to  what  may  add  to  its  consistence  or  its  scuidity.  The  latter 
qiudity  is  particularly  requisite  in  varnishes  which  are  to  be  applied 
to  articles  much  exposed  to  friction,  such  as  boxes,  furniture,  &c. 

To  make  Painter's  Cream. — ^Painters,  who  have  long  intervals  be- 
tween their  periods  of  labour,  are  accustomed  to  cover  the  parts  they 
bave  painted  with  a  oreparation  which  preserves  the  freshness  of  the 
colours,  and  which  thev  can  remove  when  they  resume  their  work. 
This  preparation  is  as  follows  : 
3  oz.  very  clear  nut  oil, 
•^  oz.  mastic  in  tears,  pulverized,  and 
J  oz.  sal  saturni,  in  powder,  (acetate  of  lead.) 

Dissolve  the  mastic  oil  over  a  gentle  fire,  and  pour  the  mixture  into 
a  marble  mortar,  over  the  pounded  salt  of  lead ;  stir  it  with^a  wooden 
pestle,  and  add  water  in  small  quantities,  till  the  matter  assume  the 
appearance  and  consistence  of  cream,  and  refuse  to  admit  more  water. 
Sandarac  garnish. 

8  oz.  gam  sandarac. 
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2  OS.  poimded  mastic, 
4  01.  dear  tnrpentiiie, 
4  OS.  poonded  glass,  and 
32  OK.  alcohol, 
Miz»  and  dissol?e  as  before. 
Compoiund  Sandarac  Varnish. 

3  oz.  pounded  copal  of  an  amber  colour,  once  IkpidM, 
6  oz.  gmn  sandarac, 

3  oz.  mastic,  cleaned, 
2§  oz.  clear  torpentine, 

4  oz.  pounded  glas8»  and 
32  oz.  pare  alcohol. 

Mix  these  ingredients,  and  pursue  the  same  method  as  abote. 

This  Tarnish  is  destined  for  articles  subject  to  frictioa,  sock  ■ 
furniture,  chairs,  ian-sticlcs,  mouldings,  &c.  and  eren  metab,  to  wU 
It  may  be  applied  with  success.  The  sandarac  gives  it  great  darattf^ 

Camphorated  Sandarao  Famish  for  cui  Paper  Works^  Dresaq 
Boxes,  9ic* 

No.  l.«— 6  oz.  gum  sandarac, 
4  oz.  gum  elemi, 
1  oz.  gum  anima, 

1  oz.  camphor, 

4  oz.  pounded  glass,  and 
32  oz.  pure  alcohol. 
Make  the  yamish  according  to  the  directions  already  givea.    IV 
soft  redns  mutt  be  pounded  with  the  dry  bodies.     The  camphor  i 
to  be  added  in  pieces. 

No  2.-6  oz.  gaJHpot,  or  white  incense, 

2  oz.  gum  animi, 
2  oz.  gum  elemi, 

4  oz.  pounded  glass,  and 
32  oz.  alcohol* 
Make  the  Tarnish  with  the  precautions  indicated  for  the  < 
mastic  Tarnish. 

The  two  last  varnishes   are  to  be  used  for  ceilings  and  ' 
coloured  or  not  coloured  :  they  may  CTen  be  employed  as  a  oofcrifif 
to  parts  painted  with  strong  colours. 

Spirituous  Sandarac  Famish  for  Jf^ainscoitbigp  smaU  jMdmi 
Fwrmture^  Balustrades,  and  inside  Raiiing. 
No.  1.— >6  oz.  of  gum  sandarac, 
2  oz.  of  shell  lac, 
4  oz.  of  colophonium,  or  resin, 
4  oz.  of  white  glass  powdered^ 
4  oz.  of  clear  turpentine,  and 
32  oz.  of  pure  alcohoL 
Dissolve  the  varnbh  according  to  thedirecdoBs  givoi  lorcsB* 
pound  mastic  Tarnish. 
This  Tarnish  is  suffidently  durable  to  be  applied  to  i 
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to  daily  and  continual  use.    VarniBliea  oompoeed  with  oopid  ought, 
hovreyer^  in  these  cases,  to  be  preferred. 

No.  2--There  is  another  composition  which,  without  forming  part 
of  the  oompoond  yamishes,  is  employed  with  snccess  for  giving  a 
polish  and  lostre  to  fomitore  made  of  wood  :  wax  forms  the  basis 
of  it. 

Many  cabinet-makers  are  contented  with  waxing  common  famitnre, 
such  as  tables,  chests  of  drawers,  &c.  Thb  covering,  by  means  of 
repeated  friction,  soon  acquires  a  polish  and  transparency  which  re- 
sembles those  of  varnish.  Waxing  seems  to  possess  qualities  pecu- 
liar to  itself ;  but,  like  varnish,  it  is  attended  with  inconveniences  as 
well  as  advantages. 

Varnish  supplies  better  the  part  of  glazing ;  it  gives  a  lustre  to 
the  wood  which  it  covers,  and  beighteos  the  colours  of  that  destined, 
in  particular,  for  delicate  articles.  These  real  and  valuable  advan- 
tages are  counterbalanced  by  its  want  of  consistence  $  it  yields  too 
easily  to  the  shrinkbg  or  swelling  of  the  wood,  and  rises  in  scales, 
or  slits,  on  being  exposed  to  the  slightest  shock.  These  accidents  can 
be  repaired  only  by  new  strata  of  varnish,  which  render  application 
to  the  vamisher  necessary,  and  occasion  trouble  and  expense. 

Waxing  stands  shocks ;  but  it  does  not  possess,  in  the  same  degree 
as  varnish,  the  property  of  giving  lustre  to  the  bodies  on  which  it  is 
applied,  and  of  heightening  their  tints.  The  lustre  it  communicates 
is  dull,  but  this  inconvenience  is  compensated  by  the  facility  with 
which  any  accident  that  may  have  altered  its  polish  can  be  repaired, 
by  rubbinff  it  with  a  piece  of  fine  oork.  There  are  some  dream* 
stances,  therefore,  under  which  the  application  of  wax  ought  to  be 
preferred  to  that  of  varnish.  This  seems  to  be  the  case  in  particular 
with  tables  of  walnut-tree  wood,  exposed  to  daily  use,  chairs,  mould- 
ings, and  for  all  small  articles  subject  to  constant  employment. 

But  as  it  is  of  importance  to  make  the  stratum  of  wax  as  thin  as 
possible  in  order  that  the  veins  of  the  wood  may  be  more  apparent, 
the  following  process  will  be  acceptable  to  the  reader. 

Melt  over  a  moderate  fire,  in  a  very  dean  vessel,  two  ounces  of 
white  or  ydloiy  waxj  and,  when  liquefied,  add  four  ounces  of 
good  essence  of  turpentine.  Stir  the  whole  until  it  is  entirely  cool, 
and  the  result  will  be  a  land  of  pomade  fit  for  waxing  furniture,  and 
which  must  be  rubbed  over  them  accordmg  to  the  usual  method. 
The  essence  of  turpentine  is  soon  dissipated  i  but  the  wax,  which  by 
its  mixture  is  reduced  to  a  state  of  very  great  division,  may  be  ex- 
tended with  more  ease,  and  in  a  more  uniform  manner.  *^  The  es^ 
sence  soon  penetrates  the  pores  of  the  wood,  calls  forth  the  colour  of 
it,  causes  the  wax  to  adhere  better,  and  the  lustre  which  thence  re- 
sults is  equal  to  that  of  vamisb»  without  having  any  of  its  inoon* 
reniences. 

Coloured  Famish  for  FioUns,  and  other  siringed  ImtrumetUs,  also 
/or  Plum^ee,  Mahogany,  and  BoseHiwkU 
4  oz.  gum  sandarac, 
2  w.  seed  Iac# 
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oz.  mastic, 

1  oz.  Beojanin  in  teariy 

4  oz.  pounded  glass, 

2  oz.  Venice  turpentine,  and 
32  oz.  pure  alcohol. 

The  gum  sandarac  and  lac  render  this  varnish  doraLIa :  it  nay  be 
coloured  with  a  little  saffron  or  dragon's  blood. 
Fat  Famish  of  a  gold  colour, 
8  oz.  amber, 
2  oz«  gum  lac» 
8  oz.  ^Ting  linseed  <»!»  and 
16  oz.  essence  of  turpentine* 
Dissolve  separately  the  gum  lac,  and  then  add  the  amber,  prov- 
ed and  pulverized,  with  the  linseed  oil  and  essence  very  warm,  wki 
the  whole  has  lost  part  of  its  heat,  mix  in  relative  proportions,  tiB^ 
tures  of  annatto,  of  terra  mcrita,  gum  gattie,  and  dragon's  btoii 
This  varnish,  when  applied  to  white  metals,  gives  them  a  gold  cofev. 
Fai  Turpentine  or  Golden  Famish,  being  a  mordamt  to  gdd  wd 
dark  colours. 

16  oz.  boiled  linseed  oil^ 
8  oz.  Venice  turpentine,  and 

5  oz.  Naples  jellow. 

Heat  the  oil  with  the  terpentine  5  and  mix  the  Naples  yeOov  fd' 
verized. 

Naples  yellow  is  an  oxide  of  lead,  the  composition  of  wlaA  vl 
be  given  when  we  come  to  treat  of  colouring  substances.  It  is  s^ 
stituted  here  for  resins,  on  account  of  its  drying  qualities,  and  b  p«^ 
ticular  of  its  colour,  which  resembles  that  of  §[M  ^  great  ut  a 
made  of  the  varnish  in  applying  gold  leaf. 

The  yellow,  however,  may  be  omitted  when  this  species  of  vnmA 
is  to  be  solid  and  coloured  coverings.     In  this  case  an  oonce  d  B- 
tharge  to  each  pound  of  composition  may  be  substituted  in  its  st^* 
without  this  mixture  doing  any  injury  to  the  colour  which  is  to  co^ 
stitute  the  ground «  (7a  teinte  Sire. J 
Turners*  Famish  for  Box  Wood. 
5  oz.  seed  lac, 
2  oz.  gum  sandarac^ 
l\  oz.  gum  elemi, 
2  oz.  Venice  turpentine, 
5  oz.  pounded  glass^  and 
24  oz.  pure  alcohol. 
The  artists  of  St.  Claude  do  not  all  employ  this  formula,  wlkfc 
i^uired  to  be  corrected  on  account  of  its  too  great  dryness,  wtid 
is  here  lessened  by  the  turpentine  and  gum  elemi.    This  ooopositiM 
is  secured  from  cra(;king,  which  disfigures  these  boxes  after  they  kd 
been  used  for  some  months. 

No.  2.— Other  turners  employ  the  gum  lac  united  to  a  littie  eM 
and  turpentine  digested  some  months  in  pure  alcoh<^  exposed  to  Ae 
son.    If  this  method  be  followed,  it  will  be  proper  to  sabstitate  if 
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h%  sandaraCj  the  same  qnaotity  of  gum  lac  reduced  to  powder,  and 
lot  to  add  the  turpentine  to  the  alcohol,  which  ought  to  be  exceed- 
Dgly  pure,  till  towards  the  end  of  the  in  fusion* 

Solar  infusion  requires  care  and  attention.  Vessels  of  a  sufficient 
ize  to  allow  the  spirituous  vapours  to  circulate  freely  ought  to  be 
employed,  because  it  is  necessary  that  the  vessels  should  be  closely 
ihut.  Without  this  precaution  Uie  spirits  would  become  weakened, 
ind  abandon  the  resin  which  they  laid  hold  of  during  the  first  days 
»f  exposure.  This  perfect  obituration  will  not  admit  of  the  vessels 
>eiiig  too  full. 

In  general,  the  varnishes  applied  to  articles  which  may  be  put  into 
he  lathe  acquire  a  great  deal  of  brilliancy  by  polishing ;  a  piece  of 
voollen  cloth  is  sumdent  for  the  operation.  If  turpentine  {^edomi* 
lates  too  much  in  these  compositions  the  polish  does  not  retain  its 
ustre,  because  tlie  heat  of  the  hands  is  capiEd)le  of  softening  the  sor* 
ace  of  the  varnish,  and  in  this  state  it  readily  tarnishes. 

To  varnish  Dressing  Boxes.^'The  most  of  spirit  of  wine  varnishes 
ire  destined  for  coveringpreliminary  preparations,  which  have  a  cer« 
Ain  degree  of  lustre.  They  consist  of  cement,  coloured  or  not  co* 
oored,  charged  with  landscapes  and  figures  cut  out  in  paper,  which 
[Xroduces  an  eflect  under  the  transparent  varnish :  most  of  the  dres- 
linff  boxes,  and  other  small  articles  of  the  same  land,  are  covered 
^ith  this  particular  composition,  which,  in  general,  consists  of 
^hree  or  four  coatings  of  Spanish  white  pounded  in  water,  and  mixed 
ip  with  parchment  glue.  The  first  coating  is  smoothed  with  pum- 
nice*stone,  and  then  polished  with  a  piece  of  new  linen  and  water. 
The  coating  in  this  state  is  fit  to  receive  the  destined  colour,  after  it 
iiaa  been  ground  with  water,  and  mixed  with  parchment  slue  diluted 
(vith  water.  The  cut  fibres  with  which  it  is  to  be  embellished,  are 
then  applied,  and  a  coating  of  gum,  or  fish-glue  is  spread  over  them, 
to  prevent  the  varnish  from  penetrating  to  the  preparation,  and  from 
ipoiling  the  figures.  The  operation  is  finisbea  by  applying  three  or 
four  coatings  of  varnish,  which,  when  dry,  are  polished  with  tripoli 
lud  water,  by  means  of  a  piece  of  cloth.  A  lustre  is  then  ffiven  to 
the  surface  with  starch  and  a  bit  of  doe^skin,  or  very  soft  cloth. 

Gallipot  Famish, 

12  oz.  gallipot,  or  white  incense, 
5  oz.  white  glass,  pounded, 
2  oz.  Venice  turpentine,  and 
32  oz.  essence  of  turpentine. 
Make  the  varnish  after  the  white  incense  has  been  pounded  with  glass. 

Some  authors  recommend  mastic  or  sandarac  in  the  room  of  galli- 
pot i  but  the  varnish  is  neither  more  beautiful  nor  more  durable. 
When  the  colour  is  ground  with  the  preceding  varnish,  and  mixed 
up  with  the  latter,  which,  if  too  thick,  is  thinned  with  a  little  es* 
sence,  and  which  is  applied  immediately,  and  without  any  sizing,  to 
boxes  and  other  articles,  the  coatings  acquire  sufficient  strength  to 
resist  the  blows  of  a  mallet.  But  if  the  varnish  be  applied  to  a  sized 
colour,  it  must  be  covered  with  a  varnish  of  the  first  or  second  genus* 
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Masiic  Gallipot  Varmsk^for  grindbig  Cokmn. 
4  OB.  new  gallipot^  or  white  i 
2  02.  raasticy 
6  oz.  Venice  tnrpenUne^ 
4  oz.  poondedglass,  and 
32  oz.  essence  of  turpentine- 
When  the  Tarnish  is  made  with  the  precautions  alreadj  m^aaiA 
add  prepared  nnt  oil  or  linseed  oil  two  oonces. 

The  matters  ground  with  tins  varnish  dry  more  slowlj;  ^ae 
then  mixed  up  with  the  following  yamish,  if  it  be  for  comiaoa  pw- 
ing,  or  with  iMrticnlar  Tarnishes  destined  for  cohnm  and  for  giw 
Mordant  Varmsh  for  GUd&ng, 

1  oz.  of  mastic> 
1  oz.  of  gum  sandarac, 
\  oz.  of  gum  gatt8e> 
^  oz.  of  turpentioe,  and 
6  oz.  of  essence  of  turpentine. 
Some  artists  who  make  use  of  mordant^  substitute  for  the  tHp- 
tine  an  ounce  of  the  essence  of  laTenderj  which  renders  tUs  ci» 
position  still  less  drying. 

In  general,  the  composition  of  mordants  admits  of  nodifiote 
according  to  the  kind  of  work  for  which  they  are  destined.  1^^ 
plication  of  them,  however,  is  confined  chiefly  to  gold.  Wka  t  i 
required  to  fill  up  a  design  with  gold  leaf  on  any  flronnd  whateftfitk 
composition  which  is  to  serTO  as  the  means  of  unioii  betvea  i^ 
metal  and  the  ground,  ought  to  be  neither  too  thick  nor  too  W; 
because  both  these  chrcumstances  ore  equally  iojunom  to  ddtaf ' 
the  strokes  |  it  will  be  requisite  also  that  the  compoeition  shssUi^ 
dry  till  the  artist  has  completed  his  design. 

Other  Mordants,  No.  1 . — Some  prepare  their  mordants  with  M* 
ptch  and  drying  oil  diluted  with  essence  of  tnrpeotint.  They  fSKj^ 
It  for  gilding  pale  gold,  or  for  bronzing. 

Other  artists  imitate  the  Chinese,  and  mix  with  thdr  bo*^ 
colours  proper  for  assisting  the  tone  which  they  oe  desirous  of  gin^ 
to  the  gold,  such  as  yellow,  red,  &c. 

Others  employ  merely  fat  Tarnish,  to  whidi  they  add  a  fittk  n^ 
oxide  of  lead  (minium). 

Others  make  use  of  thick  glue,  in  which  they  dissdve  a  Ettk 
honey.  This  is  what  they  call  datture.  When  they  are  dmnmd 
heightening  the  colour  of  the  gold,  they  employ  this  ^ne»  to  wkick 
the  gold  leaf  adheres  exceedinglj  well. 

No.  2.— The  qualities  of  the  followiuff  are  fit  for  ererv  Idnd  of  #* 
plication,  and  particularly  to  metals.  Expose  boiled  ou  to  a  idW 
neat  in  a  pan  :  when  a  black  smoke  is  disengaged  foosi  h,  ^^ 
on  fire,  and  extinguish  it  a  few  moments  after  by  pirttiog  oa  thi 
cover  of  the  pan.  Then  pour  the  matter  still  warm^  into  a  hesto| 
bottle,  and  add  to  it  a  little  essence  of  turpentine.  This  ■  ^^ 
dries  very  speedily;  it  has  body  and  adheres  to,  and  itrapgly  i 
gdd  leaf,  when  ajqplied  to  woodf  metals^  I 
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Famish  fw  Palta  and  coarse  Wood'Work.'^Takd  any  qoantity  of 
tar,  and  gnnd  it  with  as  much  Spanish  brown  as  it  will  bear,  without 
reoderiog  it  too  thick  to  be  used  as  a  punt  or  yamish,  and  then 
spread  it  on  the  pales,  or  other  wood,  as  soon  as  convenient,  for  it 
quickly  hardens  by  keeping. 

This  mixture  most  be  laid  on  the  wood  to  be  varnished  by  a  large 
bmsh,  or  house  painter's  tool  -,  and  the  work  should  then  be  kept  as 
free  from  dust  and  insects  as  poi^sible,  till  the  varnish  be  thoroughly 
dry.  It  willt  if  laid  on  smooth  wood,  have  a  very  good  gloss,  and  is  an 
excellent  preservation  of  it  against  moisture  5  on  which  account,  as 
well  as  its  being  cheaper,  ft  is  far  preferable  to  painting,  not  only  for 
pales,  but  for  weather-boarding,  and  all  oth^  kinds  of  wood-work 
for  grosser  purposes.  Where  the  glossy  brown  colour  is  not  liked, 
the  work  may  oe  made  of  a  greyish  brown,  by  mixing  a  small  pro- 
portion of  white  lead,  or  whiting  and  ivory  black,  with  the  Spanish 
brown. 

A  Black  Famish  for  Old  Straw  or  Chip  Hats. 

i  02.  of  best  black  sealinff  wax,  and 
2  oz.  of  rectified  spirit  of  wine. 

Powder  the  sealing-wax,  and  put  it  with  the  spirit  of  wine>  into 
I  four-ounce  phial ;  digest  them  in  a  sand  heat,  or  near  a  fire,  till 
;he  wax  is  dissolved  ;  lay  it  on  warm  with  a  fine  soft  hair-brush,  be- 
bre  a  fire  or  in  the  sun.  It  gives  a  good  stiffness  to  old  straw  hats^ 
md  a  beautiful  gloss,  equal  to  new,  and  resists  wet. 

To  make  Famish  for  coloured  Drawings, 

1  0£»  of  Canada  balsam,  and    * 

2  oz.  of  spirit  of  turpentine. — Mix  them  together. 
Before  this  composition  is  applied,  the  drawing  or  print  should  be 

ized  with  a  solution  of  isiuglass  in  water ;  and  when  dry,  apply 
he  varnish  with  a  eamelVhair  brush. 

7b  make  Famish  for  Wood,  which  resists  the  action  of  Boiling  Water. 
—Take  a  pound  and  a  half  of  linseed-oil,  and  boil  it  in  a  red  copper 
easel,  not  tinned,  holding  suspended  over  it,  in  a  small  linen  bag,  5 ' 
z.  of  litharge,  and  3  oz.  of  pulverized  minium  ;  taking  care  that  the 
ag  does  not  touch  the  bottom  of  the  vessel.  Continue  the  ebullition 
ntil  the  oil  acquires  a  deep  brown  colour  ;  then  take  away  the  bag, 
nd  substitute  another  in  its  place>  containing  a  clove  of  garlic ;  con- 
one  the  ebullition,  and  renew  the  clove  of  garlic  seven  or  eight 
mes,  or  rather  put  them  all  in  at  once. 

Then  throw  into  the  vessel  a  pound  of  yellow  amber,  after  having 
telted  it  in  the  following  manner  :— Add  to  the  pound  of  amber, 
ell  pulverized,  two  ounces  of  linseed  oil,  and  place  the  whole  on  a 
;rong  fire.  When  the  fusion  is  complete,  pour  it  boiling  into  the 
repared  linseed-oil,  and  continue  to  leave  it  boiling  for  two  or  three 
linutes,  stirring  the  whole  up  well.  It  is  then  left  to  settle  $  the 
>mposition  is  decantered  and  preserved,  when  it  becomes  cold,  in 
ell-corked  bottles. 

After  polishing  the  wood  on  which  this  varnish  is  to  be  applied, 
ve  to  the  wood  the  colour  required  ;  for  instance,  for  walnut  wood, 
alight  coat  of  a  mixture  of  soot  with  the  essence  of  turpentine. 
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When  ibis  coloor  is  perfectly  dry,  give  it  a  coat  of  ramish  witk  i 
fine  sponge,  io  order  to  spread  it  v(>t7  equal ;  repeat  these  coau 
four  times,  taking  care  always  to  let  tlie  preceding  coat  be  dried. 

To  Famish  Drawings  and  Card-tvork. — Boil  sonoc  cle»  pardraeit 
cuttings  in  water*  in  a  glazed  pipkiu,  till  they  prodnoe  a  very  dnr 
aize.    Strain  it,  and  keep  it  for  use. 

Give  the  work  two  coats  of  the  size,  passing  the  brosh  qnicUy  ow 
the  work,  not  to  disturb  the  colours. 

To  nrepare  a  ComposiHon  for  making  coioured  Droamp  md 
Ptinis  rtsemhle  Paintings  in  OIL 

1  oz.  of  Canada  balsam,  Kod 

2  oz.  of  spirit  of  torpentine. — ^Mixt  toge&er. 
Before  this  composition  is  ap{^ied,  the  drawing  or  print  sbooM  be 

sized  with  a  solution  of  isinglass  in  water,  and  when  dry,  apply  Ae 
varnish  with  a  camel-hair  brnsh. 

To  Varnish  Harps  and  Dulcimers. — ^Prepare  the  work  with  mstwJk 
red  ochre,  then  take  ochre,  burnt  nmbcr,  and  red  lead,  well  grovd, 
and  mix  up  a  dark  brown  colour  in  turpentine  Tarnish,  addiag  s 
much  oil  of  turpentine  that  the  brush  may  just  be  able  to  pass  ova 
the  work  fair  and  efen.  While  yet  wet,  take  a  muslin  siere,  and  si 
as  much  Dutch  metal,  previously  powdered,  upon  it,  as  is  reqaate 
to  produce  the  effect,  after  which,  varnish  and  polish  it. 

To  Famish  G/a55.— Pulverize  a  quantity  of  gum  adragant,  aad  lit 
it  dissolve  for  twenty -four  hours  in  the  white  of  eggs  well  bettip; 
then  rub  it  gently  on  the  glass  with  a  brush. 

To  Famish  Balloons,  No.  1 . — 'VhQ  compositions  for  vaniskiig 
balloons  have  been  variously  modified  ^  but,  upon  the  whole,  tk 
most  approved  appears  to  be  the  bird-lime  varnish  of  M.  Fkujas  St 
Fond,  prepared  after  M.  Cavallo*s  method  as  follows  :  **  In  onkrii 
render  linseed  oil  drying,  boil  it  with  2  ounces  of  sugar  of  lead,  aaiS 
ounces  of  litharge,  for  every  pint  of  oil,  till  they  are  dissolved,  whick 
may  be  in  half  an  hour.  Then  put  a  pound  of  bird-lime,  and  hilf  > 
pint  of  the  drying  oil,  into  an  iron  or  copper  vessel,  whose  capsdtf 
should  equal  about  a  gallon,  and  let  it  boil  very  gently  over  a  ilav 
charcoal  fire,  till  the  bird-lime  ceases  to  cracue,  wlu<^  will  be  is 
about  half,  or  three-quarters,  of  an  hour ;  then  poar  npoo  it  tvt 
and.  a  half  pints  more  of  the  drving  oil,  and  let  it  boil  abo«t  « 
hour  longer  ;  stirring  it  frequently  with  an  iron  or  wooden  sptldL 
As  the  varnish,  whilst  boiling,  and  espedaliy  when  nearly  res^ 
swells  verv  much,  care  should  be  taken  to  remove,  in  those  casei,  tk 
pot  from  the  fire,  and  to  replace  it  when  the  varnish  subsides  ;  schff- 
wise  it  will  boil  over.  Whilst  the  stuff  is  boiling,  the  operator  shoatf 
occasionally  examine  whether  it  has  boiled  enough,  which  maf  b> 
known  by  observing  whether,  when  rubbed  b^ween  two  knifm 
which  are  then  to  be  separated  from  one  another,  the  varnish  foraft 
threads  between  them,  as  it  must  then  be  removed  from  the  ire. 
When  nearly  cool,  add  about  an  equal  quantity  of  oil  of  tarpeatiie. 
In  usmg  the  varnish,  the  stuff  must  be  stretched,  and  the  vanish  if* 
plied  lukewarm.     In  24  hours  it  will  dry." 
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No.  2.  As  the  elastic  resin,  koown  by  the  name  of  Indian  rubber, 
tias  been  much  extolled  for  a  varnish,  the  following  method  of  making 
t,  as  practised  by  M.  Bianchard,  may  not  prove  unacceptable. — 
Dissolve  elastic  gom,  cut  small,  in  five  times  its  weight  of  rectified 
Msential  oil  of  turpentine,  by  keeping  them  some  days  together  : 
;ben  boil  1  ounce  of  this  solution  in  8  ounces  of  dryiug  linseed  oil  for 
&  few  minutes  3  strain  the  solution,  and  use  it  warm. 

To  Famish  Rarefied  Air  Balloons. ^^Wiih  regard  to  the  rareiied-air 
nachines,  M.  Gavdlo  recommends,  first,  to  soak  the  cloth  in  a  sola- 
lion  of  sal-ammoniac  and  common  size,  using  one  pound  of  each  to 
•very  gallon  of  water ;  and  when  the  cloth  is  quite  dry,  to  paint  it 
>Ter  on  the  inside  with  some  earthy  colour,  and  strong  size  or 
l^lae.  When  this  paint  has  dried  perfectly,  it  will  then  be  proper  to 
x>ver  it  with  oily  varnish,  which  might  dry  before  it  could  penetrate 
[|uite  through  the  cloth*  Simple  drying  Unseed  oil  will  answer  the 
purpose  as  well  as  any,  provided  it  be  not  very  fluid. 

To  Paini  Sail-Cloth,  ic,  so  as  io  he  pliant,  durable,  and  impervi- 
jws  to  Water. — ^This  process,  which  is  extracted  from  the  Transaction$ 
9/*  the  Society  of  Arts,  is  now  universally  practised  in  the  public 
dock^yards. 

The  paint  usually  laid  upon  canvas  hard^s  to  such  a  degree  as  to 
crack,  and  eventually  to  break  the  canvas,  which  renders  it  unser*^ 
viceable  in  a  short  time  :  but  the  canvas,  painted  in  the  new  manner 
is  so  superior,  that  all  canvas  used  in  the  navy  is  thus  prepared  ;  and 
a  saving  of  a  guinea  is  made  in  every  one  hundred  square  yards  of 
canvas  so  painted. 

The  old  mode  of  painting  canvas,  was  to  wet  the  canvas,  and 
prime  it  with  Spanish  brown  -,  then  to  give  it  a  second  coat  of  a  cho* 
colate  colour,  made  by  mixing  Spanish  brown  and  black  paint :  and» 
lastly,  to  finish  it  with  black. 

The  new  method  is  to  grind  96  lbs.  of  English  ochre  with  boiled 
oil,  and  to  add  16  lbs.  of  black  paint,  which  mixture  forms  an  indif*^ 
ferent  black.  A  pound  of  yellow  soap  dissolved  in  six  pints  of  water 
over  the  fire,  is  mixed,  while  hot,  with  the  paint.  This  compo* 
sition  is  then  laid  upon  the  canvas,  (without  being  wetted,  as  in  tho 
usual  way,)  as  stiff  as  can  conveniently  be  done  with  the  brush,  so  as 
to  form  a  smooth  surface ;  the  next  day,  or  still  better,  on  the  second 
day,  a  second  coat  of  ochre  and  black  (without  any,  or  but  a  very 
small  portion  of  soap)  is  laid  on,  and  allowing  this  coat  an  interme* 
diate  day  for  drying,  the  canvas  is  then  finished  with  black  paint  as 
usual.  Three  days  being  then  allowed  for  it  to  dry  and  harden,  it 
does  not  stick  together  when  taken  down,  and  folded  in  cloths  con« 
taining  60  or  70  yards  each ;  and  canvas  finished  entirely  with  the 
composition,  leaving  it  to  dry  one  day  between  each  coat,  will  not 
stick  together,  if  laid  in  quantities. 

It  has  been  ascertained  from  actual  trials,  that  the  solution  of  yel- 
low soap  is  a  preservatire  to  red^  yellow,  and  black  paints,  when 
ground  iu  oil  and  put  into  casks^  as  they  acquire  no  improper  hard* 
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nesB,  and  dry  io  a  remarkable  manner  when  Imd  on  wit^dtt  bmk, 
without  the  ose  of  the  nanal  drying  articles. 

It  is  sorprising  that  the  adoption  of  soap,  wliidi  is  so  wdl  ksovi 
to  be  miscible  with  oily  substances,  or,  at  least,  the  dkali  of  wUtk 
It  is  composed,  has  not  already  been  brought  into  use  in  the  omfo- 
sition  01  oil  colours. 

Coloured  Compositions  for  rendering  Linen  and  Cloik  impenHrdk 
io  Water, "--Begin  by  washing  the  stuff  with  hot  water ;  then  irjiai 
rub  it  between  the  hands  until  such  time  as  it  becomes  peHiQCtly  s^ 
pie;  afterwards  spread  it  out  by  drawing  it  into  a  (not,  ui 
give  it,  with  the  aid  of  a  brush,  a  first  coat,  composed  of  a  mistiie 
of  eight  quarts  of  boiling  Unseed  oil,  15  grammes  of  caldoed  aabar 
and  acetate  of  lead,  (of  each  7igrammei)  to  which  add  BOgntwma 
of  lamp-black.  For  the  second  coat  use  the  same  ingre&nti  a 
above,  except  the  calx  of  lead.  This  coat  will  tnve  a  few  hoon,  » 
cording  to  the  season ;  afterwards  take  a  dry  pTasterer*s  brush,  mi 
rub  the  stuff  strongly  with  it,  when  the  hair  by  this  operatim  vi 
become  very  smooth.  The  third  and  last  coat  wul  give  a  perto  mi 
durable  jet  black* 

Or  rather  take  12  quarts  of  boiling  linseed  oQ^  30  gramma  of  aa* 
ber,  15  grammes  of  acetate  of  lead,  7^  sulphate  of  zrac,  15  PnBuiii 
blue,  and  7|  verdigris  ;  mix  them  very  fine  with  a  little  oil,  asdadi 
120  grammes  of  4^np-black.  These  coats  are  used  at  disoetioa,  ■ 
is  done  with  painting. 

To  Thicken  Linen  Cloth  for  Screens  and  Bed  TesUrs.^GmA^ 
ting  with  zinc,  and  to  prevent  cracking,  add  a  Kttle  honey  to  it; 
then  take  a  soft  brush,  and  lay  it  upon  the  doth,  and  so  do  two  er 
three  times,  suffering  it  the  mean  while  to  dry  between  laytsgs  m, 
and  for  the  last  laving,  smooth  it  over  with  Spanish  white,  ptmi 
with  linseed  oil,  the  oil  being  first  heated,  and  mixed  with  s  oil 
quantity  of  the  litharge  of  gqld,  the  better  to  endure  the  waAfB, 
and  so  it  will  be  lasting. 

Common  Wax,  or  Varnished  Cloth.^^The  mannfiictore  of  tMi  W 
of  cloth  is  very  simple.  The  cloth  and  linseed  oil  are  the  ^rmafd 
articles  required  for  the  establishment.  Common  canvas,  of  aa  <fa 
and  coarse  texture,  is  extended  on  large  frames,  placed  under  ilM 
the' sides  of  which  are  open,  so  as  to  afford  a  free  passage  to  thea- 
ternal  air.  The  manner  m  which  the  cloth  is  fastened  to  these  fnma 
is  as  follows  :  it  is  fixed  to  each  side  of  the  frame  by  hooks  which 
catch  the  edge  of  (be  cloth,  and  by  pieces  of  strong  padcthread  pM»- 
ing  through  holes  at  the  other  extremity  of  the  hooks,  which  are  ti«^ 
round  moveable  pegs  placed  in  the  lower  edge  of  the  frame.  TVeae- 
chanism  by  which  the  strings  of  a  violin  are  stretched  or  unstrefcWi 
will  give  some  idea  of  the  arrangement  of  the  pegs  employed  for  ex- 
tending the  cloth  in  this  apparatus.  B^  these  means  the  doth  cm 
be  easily  stretdied  or  r^laxec^  when  the  oily  varnish  has  exercised » 
action  on  its  texture  In  the  course  of  the  operation.  The  whole  bei^ 
thus  arraiijBfed,  a  liquid  paste  made  with  drying  oil,  which  m^  ^ 
varied  at  pteasnre^  is  applied  to  the  doth. 
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To  tnaie  JAattid  Paste  with  Drying  Oil. — Mix  Spanish  white  <>r^ 
mcco-pipe  clay,  or  any  other  argillaceous  matter,  with  water,  and^ 
re  it  at  rest  some  boors,  which  will  be  sufficient  to  separate  the 
:iilaceous  parts,  and  to  produce  a  sediment.  Stir  the  sediment  with, 
>room,  to  complete  the  division .  of  the  earth  ;  ami  after  it  ha» 
ted  some  seconds^  decant  the  turbid  water  into  an  earthen  or 
odeo  vessel.  By  this  process  the  earth  will  be  separated  from  tbet 
d  and  other  foreign  bodies,  which  are  precipitated,  and  which 
St  be  thrown  away.  If  the  earth  has  been  washed  by  the  same 
cess,  on  a  large  scale,  it  is  divided  by  kneading  it.  The  super- 
ant  Water  is  thrown  aside,  and  the  sediment  pliN:ed,  in  sieves,  on 
ces  of  cloth,  where  it  is  suffered  to  drain :  it  is  then  mixed  up  with 
rendered  drying  by  a  hirge  dose  of  lithai^e,  that  is  about  a  fourth 
the  weight  of  the  oil.  The  consistence  of  thin  paste  being  given 
Lbe  mixture,  it  is  spread  over  the  doth  by  means  of  an  iron  spatu- 
tbe  length  of  which  is  equal  to  that  of  the  breadth  of  the  clothe 
is  spatula  performs  the  part  of  a  knife,  and  pushes  forward  the 
ess  of  matter  above  the  quantity  sufficient  to  cover  the  cloth* 
ten  the  first  stratum  is  dry,  a  second  is  applied*  The  inequalities 
doced  by  the  coarseness  of  the  cloth,  or  by  an  unequal  extensioo 
the  paste,  are  smoothed  down  with  pumice-stone.  The  pumice- 
oe  is  reduced  to  powder,  and  rubbed  over  the  cloth  with  a  piece  of 
t  serge  or  cork  dipped  in  water.  The  cloth  must  then  be  well 
}hed  in  water  to  dean  it ;  and  after  k  is  dried,  a  varnish  of  gum 
dissolved  in  linseed  oil  boiled  with  turpentine,  is  to  be  applied 
t 

Phis  preparation  produces  yellowish  varnished  doth.  Whea 
ited  black,  mix  lamp-black  with  the  Spanish  white,  or  tobacco- 
e  day,  which  forms  the  basis  of  the  liquid  paste.  Various  shades 
grey  may  beobtained,  according  to  the  quantity  of  .lamp-black 
ich  is  added*  Umber,  Cologne  earth,  and  different  ochry  argilhi- 
us  earths,  may  be  used  to  vary  the  tints^  without  causing  any 
lit  ion  to  the  expense* 

To  prepare  fine  Printed  Varnished  Cloths* — ^The  process  just  de- 
ibed  for  manufacturing  common  varnished  and  polished  cloths, 
y  serve  to  give  somcf  idea  of  that  employed  for  making  fme  cloths 
the  same  kind,  decorated  with  a  coloured  impression.  The  manth- 
torics  of  Germany  have  varnished  cloths  embellished  with  large 
i  small  subjects,  figures,  and  landscapes,  well  executed,  and  which 
destined  for  covering  furniture  subjected  to  daily  use. 
This  process,  which  is  only  an  improvement  of  the  former,  requires 
ner  paste,  and  cloth  of  a  more  ddicate  texture*  The  stratum  of 
te  is  applied  in  the  same  manner,  and  when  dry  and  polished,  the 
:h  is  taken  from  the  frame  and  removed  to  the  painter's  table* 
ere  the  art  of  the  colourist  and  designer  is  displayed  under  a 
Uiiand  forms  ',  and,  as  in  that  of  printed  cottons,  exhibits  a  ricb- 
s  of  tints,  and  a  distribution  el  snl^ts,  which  discover  tastCp 
1  ensure  a  ready  sale  for  the  articles  manufsctnred* 
The  processes,  however,  employed  in  these  two  a^  to  extract  thi6 
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«oloariog  piHriU  are  Dot  the  umnt.  In  ike  art  of  aMn  pri&tii|tk 
eoloofii  are  extracted  by  the  bath,  aa  m  that  of  dyoiig.  b  pnatiiif 
▼amiahed  doths»  the  ookraring  parts  are  the  reaaU  of  the  uawa  i 
drying  oil  mixed  with  varnish  ;  and  the  different  colonrs  eoploied  ia 
eii  painting  or  painting  in  ramish. 

The  varnish  applied  to  common  oil  cloth  is  oompoatd  of  gaa  k 
and  drying  linseed  oil ;  bnt  that  destined  for  printed  varnished  dotU 
requires  some  choice,  both  in  regard  to  the  oil  and  the  re«UM>a&  mUer 
which  gives  it  consistence.  Prepared  oil  of  pinka  and  copal  ibm  i 
Tarnish  very  little  coloured,  pliable,  and  solid. 

To  prepare  Varnished  Silk.  No.  1.— Varnished  silk,  for  mia% 
•mbrdias,  capots,  coverings  for  hats,  &c.  is  prepared  in  the  sue 
manner  as  the  varnished  and  polished  cloths  already  described,  bit 
with  some  variation  in  the  liquid  paste  or  vamiah. 

If  the  surface  of  tlie  silk  be  pretty  large,  it  is  made  Cist  tot 
wooden  frame  furnished  with  hooks  and  moveable  pegs,  sodi  is  tU 
nsed  in  the  manufacture  of  common  varnished  doths.  A  soft  pa*i 
composed  of  Unseed  oil,  boiled  with  a  fourth  part  of  litharge;  li^ 
bacco-pipe  clay,  dried  and  sifted  through  a  silk  sieve*  16  piils< 
litharge  ground  on  porphyry  with  water,  dried  and  sifted  in  the  «« 
manner,  3  parts ;  and  lamp-black,  I  part.  This  paate  isthesijveii 
in  an  uniform  manner  over  the  surface  of  the  silk,  by  messs  «f  i 
long  knife,  having  a  handle  at  each  extremity.  In  sumsier,  tvf^ 
four  liours  are  sufficient  for  its  desiccation.  When  dry,  thebiii 
produced  by  the  inequalities  of  the  silk  are  smoothed  with  psB» 
stone.  This  operation  is  performed  with  water,  and  w^hen  fiaiiki 
the  surface  of  the  silk  is  washed.  H  is  then  tufiered  to  dry,  sid  U 
oopal  varnish  is  applied. 

If  it  be  intended  to  polish  this  varnish,  apply  a  second  strttait 
after  which  polish  it  with  a  ball  of  cloth  and  very  6ue  tripoH  "Ht 
varnished  silk  thus  made,  is  very  black,  exceedingly  pliable,  and  b»< 
"fine  polish.  It  may  be  rumpled  a  thousand  ways  witboot  vttM^ 
any  fold,  or  even  the  mark  of  one.  It  is  light,  and  thereby  proF 
for  coverings  to  hats,  and  for  making  doalu  and  caps  %o  aiew^ 
travellers  in  wet  weather. 

No.  2. — A  kitul  of  varnished  silk*  which  has  only  a  yeflofi^ 
colour,  and  ti-hich  suffers  the  texture  of  the  stuff  to  appear, '»  p 
pared  with  a  mixture  ci  3  parts  boiled  oil  of  pinka,  and  1  put  ^  ^ 
<€opal  varnieh,  which  is  extended  with  a  coarse  brush  or  a  kuife.  Tv 
strata  are  sufficient  when  oil  has  been  freed  from  its  greasy  l"^. 
oiier  a  slow  lire,  or  when  boiled  with  a  iowth  part  of  ita  %9^^ 
lithaige. 

The  inequalities  aae  removed  by  pu»tce*st<Mie  and  water  ;i^ 
which  the  oopal  v««riiiah  4»  applied.  Tliia  simple  operatkw  fifO  * 
•white  silk  a  yellow  coWor,' which  ariaea  from  the  boiled  ^mi^ 
varaish. 

I'his  vamished  ailk  fieaiesfes  all  those  qnaliiiea  Mcrihed  to  eti^ 
preparations  of  tUk  wliiob  are  recooimeaded  to  be  won  aa  jacte  ^ 
|>f  rsons  etijeet  t»  xhiMMitiaai. 
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7b  recover  Fatmsh.'^Qltwt  off  the  fikh^th  a  Ity  made  of  pata«li, 
ftod  the  ashes  of  the  lees  of  wine ;  then  take  48  ounces  of  potash^ 
Bad  16  of  the  aboye-mentioned  ashes,  and  pot  them  into  6  quarts  of 
irater,  and  this  completes  the  ley. 

To  polish  Varnish, — This  is  effected  with  pamice-stone  and  Tripoli 
earth.  The  pumice-stone  must  be  reduced  to  an  impalpable  powder, 
and  put  upon  a  piece  of  serge  moistened  with  water  \  with  this  rub 
lightly  and  equally  the  Tarnished  substance.  The  tripoli  must  also 
r>e  reduced  to  a  very  fipe  powder,  and  put  upon  a  clean  woollen  cloth, 
i4oistened  with  olive, oil,  with  which  the  poIishiBg  is  to  he  performed. 
The  varnish  is  then  to  be  wiped  off  with  soft  linen,  and  when  quite 
Iry,  cleaned  with  ftaich  or  Spanish  white,  and  rubbed  with  the  palm 
if' the  hand. 


ANTI-ATTRITION. 

To  prepare  An ti- Attrition, — According  to  the  specification  of  the 
Mitent,  this  mixtpre  consists  oi  one  hundred  weight  of  plumbago,  to 
our  hundred  weight  of  bog*s-lard,  or  other  grease ;  the  two  to  be 
rell  incorporated.  The  application  is  to  prevent  the  effects  of  fric« 
ioo  in  all  descriptions  of  engines  or  machines ;  and  a  sufficient 
[oantity  roust  be  rubbed  over  the  surface  of  the  axle,  spindle.  Of 
ther  part  where  the  bearing  is. 


ASSAYING  OF  METALLIC  ORES. 

Before  metallic  ores  are  worked  upon  in  the  large  way,  it  will  be 
ecessary  to  enquire  what  sort  of  mvtal,  and  what  portion  of  it,  ia 
>  be  found  in  a  determined  quantity  of  the  ore  ;  to  discover  whether 

will  be  worth  while  to  extract  it  largely,  and  in  what  manner  the 
recess  is  to  be  conducted,  so  as  to  answer  that  purpose.  The  know- 
dge  requisite  for  this,  is  called  the  art  of  assaying. 

Assay  of  Ores  in  the  Dry  Way* — ^ITie  assaying  of  ores  may  be  per- 
rmed  either  in  the  dry  or  moist  way ;  the  nrst  is  the  most  ancient, 
id,  in  many  respects,  the  most  advantageous,  and  consequently  still 
»ntinues  to  be  mostly  used. 

Assays  are  made  eitlier  in  crucibles  with  the  blast  of  the  bellows, 
'  ID  tests  under  a  muffle. 

Assay  Weights. — ^The  assay  weights  are  always  imaginary,  some- 
nes  an  ounce  represents  an  hundred  weight  on  the  large  scale,  and 
»nbdivided  into  the  same  number  of  parts,  as  that  hundred  weight 

in  the  great ;  so  that  the  content^  of  the  ore  obtained  by  the  as- 
y,  shall  accnrately  determine  by  such  relative  proportion,  the  qaan« 
y  to  be  expected  from  any  weight  of  the  ore  on  a  larger  scale. 
RiMuimg  ike  Ore. — In  the  lotting  of  the  ores,  care  should  be  taken 
have  email  portions  from  different  apociaans,  which,  shoukl  be  pal^ 
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irerizedt  and  well  mixed  in  an  iron  or  brass  mortar.  IW  prapr 
qnaDtity  of  the  ore  is  now  taken,  and  if  it  contain  either  si]lphiir«r 
arsenic,  it  is  pnt  into  a  cmctble  or  test^  and  exposed  to  a  modcntc 
degree  of  heat,  till  no  vapour  arises  from  it ;  to  assist  this  rolatiliza- 
tion,  some  add  a  small  quantity  of  powdered  charcoal. 

Fiuxes,  To  assist  the  fusion  of  the  ores,  and  to  convert  the  a- 
traneous  matters  connected  with  them  into  scoria,  assayers  ise  dif- 
ferent kinds  of  fluxes.  The  most  usual  and  efficacious  materiah  for 
the  composition  of  these  are,  borax,  tartar,  nitre,  sal  ammoniic; 
common  salt,  glass,  fluor-spar,  charcoal  powder,  pitdi,  lime,  lithaise, 
'&c.  in  different  proportions. 

'•  Crude  of  White  Flus.^ThXs  consists  of  1  part  of  nitre,  and  2  tf 
tartar,  well  mixed  together. 

Black  Fiux.^^The  above  crude  flux  detonates  by  means  of  ho&i 
charcoal,  and  if  the  detonation  be  effected  in  a  mortar  slightly  ooverei 
the  smoke  that  rises  unites  with  the  alkalised  nitre  and  the  taittr. 
and  renders  it  black. 
'    Cornish  Reducitig  Flux, 

10  OS.  of  tartar, 

3  OS.  and  6  drachms  of  nitre,  and 
3  oz.  «nd  1  drachm  of  borax.— Mixt  well  togrCkr 

Cornish  R^ning  Flux. — Deflagrate^  and  afterwards  pulverae,  * 
parts  of  nitre,  and  I  part  of  tartar. 

The  above  fluxes  answer  the  purpose  very  well,  provided  the  flca 
be  deprived  of  all  their  sulphur ;  or,  if  they  contain  mocb  earthy  wt- 
ters,  because,  in  the  latter  case,  they  unite  with  tbem,  and  cosrot 
them  into  a  thin  glass :  but  if  any  quantity  of  sulphur  remais,  tbc« 
fluxes  unite  with  it,  and  form  a  liver  of  sulphur,  which  has  the  povo* 
of  destroying  a  portion  of  all  the  metals ;  consequently,  the  asar 
vndar  such  circumstances  must  be  very  inaccurate.  Ttie  prmop 
difficulty  in  assaying  appears  to  be  in  the  appropriatioo  of  the  pr»> 
per  fluxes  to  each  particular  ore,  and  it  likewise  apipears,  that  m  • 
discriminating  knowledge  can  only  be  acquired  n-om  an  exteosw 
practice,  or  from  a  knowledge  of  the  chemical  affinities  aad  ic* 
tions  of  different  bodies  upon  each  other. 

In  assaying,  we  are  at  liberty  to  use  the  most  expensive  matenaif 
to  effect  our  purpose,  hence,  the  use  of  different  saline  fluxes ;  bit  '■ 
the  working  at  large,  such  expensive  means  cannot  be  applied ;  s*bf 
snch  processes  the  inferior  metals  would  be  too  much  enhanced  ii 
value,  especially  in  working  very  poor  ores.  In  consequence  d 
which,  in  smelting  works,  where  the  object  is  the  prodoction  of  oecah 
ill  the  great  wny,  cheaper  additions  are  used ;  soch  as  Mme-st«se, 
feldt»spar,  fluor-spar,  quartz,  sand,  slate,  and  slags.  These  are  ti 
ht  diosen  accordiog  to  the  different  views  of  the  operator,  and  tk 
nature  of  the  ores,  Tims  iron  ores,  on  account  of  the  argiihacto* 
earth  they  contain,  require  calcareous  additions,  and  the  copper  om 
rather  slags  or  vitrescent  stones,  than  calcareous  earth. 
'  Humid  Assay  of  Metallic  Ores.^^The  mode  of  assaying  4»rft  hr 
their  particular  metals  by  the  dry  way,  is  dehcieat  so  tsr  as  reiitei  is 
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lointiog  <mt  the  difiereot  substances  ooDnected  witii  them,  because 
hey  are  always  destroyed  by  the  process  for  obtaining  the  assav 
Betal.  The  assay  by  the  moist  way  is  more  correct,  because  the  di£> 
erent  substances  can  be  accurately  ascertained.  The  late  celebrated 
^rgman  first  communicated  this  method.  It  depends  upon  a 
cnowledge  of  the  chemical  affinities  of  different  bodies  for  each 
>ther  i  and  must  be  varied  according  to  the  nature  of  the  ore  i  it  is 
efy  extensive  in  its  application,  and  requires  great  patience  and  ad- 
Iress  in  its  execution.  To  describe  the  treatment  of  each  variety  of 
netallic  ores,  would  take  up  too  much  of  our  room  |  but  to  give  a 
^Deral  idea,  we  shall  describe  the  procedure,  both  in  the  dry  and  the 
lumid  way,  on  one  species  of  all  the  different  ores. 

To  Assay  Iron  Ores,  No.  1. — ^The  ore  must  be  roasted  till  the 
rapoor  ceases  to  arise.  Take  2  assay  quintals  of  it,  and  triturate 
;hem  with  one  of  fluor-spar,  i  of  a  quintal  of  powdered  charcoal, 
md  4  quintals  of  decrepitated  sea  salt  $  this  mixture  is  to  be  put 
into  a  crucible,  lined  on  the  inside  with  clay  and  powdered  charcoal ; 
%  cover  must  be  luted  upon  the  crucible,  and  the  crucible  kself  ex- 
posed to  a  violent  fire  for  an  hour,  and  when  it  is  cool,  broken*^ 
When,  if  the  operation  has  been  well  conducted,  the  iron  will  be  found 
at  the  bottom  of  the  crucible ;  to  which  must  be  added  those  metal* 
lie  particles,  which  may  adhere  to  the  scoria*  Tlie  metallic  particles 
so  adhering  may  be  separated,  by  pulverising  it  in  paper,  and  then 
attracting  them  with  a  magnet. 

No.  2.— If  the  ore  shodd  be  in  a  calciform  state,  mixed  with 
earths*  the  roasting  of  it  previous  to  assaying,  if  not  detrimental,  is 
at  least  superfluous  ;  if  the  earths  should  be  of  the  argillaceous  and 
siliceous  kind,  to  half  a  quintal  of  them,  add  of  dry  quick  lime  and 
fluor-spar  of  each  1  quintal  and  ^^  reduced  to  powder,  and  mix  them 
with  ^  of  a  quintal  of  powdered  charcoal,  covering  the  whole  *with 
one  ounce  of  decrefHtated  common  salt  ^  and  expose  the  luted  cruci- 
ble to  a  strong  forge  fire  for  an  hour  and  a  quarter,  then  let  it  gradu* 
ally  cool,  and  let  the  regulua  be  struck  off  and  weighed. 

m.  3. — If  the  orecpntain  calcareous  earth,  there  will  be  no  occa^ 
sion  to  add  quick  lime ;  the  proportion  of  the  ingredients  may  be  as 
follows  :— -viz.  1  assay  qninUl  of  the  ore ;  1  of  decrepitated  sea- 
salt  $  }  of  powdered  charcoal ;  and  1  of  fluor-spar,  and  the  process 
conducted  as  abovev 

There  is  a  great  difiereoce  in  the  reguli  of  iron  ;  when  the  cold 
regulus  is  struck  with  a  hammer  and  breaks,  the  iron  is  called  cold 
short :  if  it  break  on  being  struck  red-hot,  it  is  called  red  short ; 
but  if  it  resist  the  hammer,  both  in  its  cold  and  ignited  state,  it  is 
good  iron. 

Humid  Assay  of  Iron  Ore.— To  assay  the  calciform  ores,  which  do 
not  contain  much  earthy  or  stony  matter,  they  must  be  reduced  to  a 
fine  powder,  and  dissolved  in  the  marine  acid,  and  precipitated  by 
the  Prussian  alkldi.  ,  A  determinate  quantity  of  the  Prussian  alkali 
must  be  tried  previously,  to  ascertain  the  portion  of  iron  which  it 
^U  precipitate^  and  the  estimate  made  aicoordingly-    If  the  iron- 
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coDtaSn  any  coD«iderable  portion  of  zinc  or  mangwiese,  Ae  predfi* 
tate  mast  be  calcioed  to  redness,  and  the  cabc  treated  wi^  dcpUa* 
gisficated  nitrons  acid,  which  will  then  take  up  only  tke  oh  «f 
zinc  ;  when  this  is  separated,  the  calx  should  again  be  treated  cilte 
with  nitrons  acici,  with  the  addition  of  sngar,  or  witii  tbe  aceShMS 
iidd,  which  will  dissolve  the  manganese,  if  any ;  tlie  remaiBneig  oh 
of  iron  may  then  be  dissolved  by  the  marine  aad«  and  predpitatetf 
by  the  mineral  alkali  -,  or  it  may  befarther  calcioed,  and  thenwdgM. 

Zinc  Ores, — Take  the  assay  weight  of  roasted  ore,  and  nix  it 
well  with  ^  pnrt  of  charcoal  dust,  pnt  h  mto  a  strong  hifed  cartkes 
retort,  to  which  mnst  be  fitted  a  receiver ;  place  the  retert  in  a  far- 
nacc»  and  raise  the  fire,  and  continoe  it  in  a  violent  htmt  for  tm 
fioar.<t,  su^r  it  then  to  cool  gradnalTy,  and  the  zkic  will  be  fomd  ad- 
hering to  the  neck  of  the  retort  in  its  metallic  form. 

In  the  humid  way, — Distil  vitriolic  acid  over  calankine  to  drynew; 
the  residaum  most  be  lixiviated  in  hot  water  ;  what  remains  nadii- 
solved  is  siliceous  earth  ;  to  the  sohition  add  canstic  vola^e  afloS, 
which  precipitates  the  iron  and  argil,  bat  keeps  the  zinc  in  sointioi. 
The  precipitate  mast  be  re-dissolved  in  vitriolic  acid,  and  the  irai 
and  argil  separated. 

Tin  Oret. — Mix  a  quintal  of  tin  ore,  previously  washed,  |fulftri»- 
^d,  and  roasted,  till  no  Arsenical  vapour  arises,  witfi  half  a  quintal  A 
Calcined  borax,  and  the  same  quantity  of  pulverized  pitch  ;  these  an 
to  be  put  into  a  crucible  moistened  with  charcojil-dust  and  water, 
and  the  crucible  placed  in  an  air  furnace.  After  the  pitch  is  berst, 
give  a  violent  heat  for  a  quarter  of  an  hoor,  and  on  wirhdmwiDgtk 
cracible,  theregulus  will  be  found  at  the  bottom.  If  the  ore  be  Mt 
well  washed  from  earthy  matters,  a  larger  quantity  of  borax  wrfl  k 
requ^itc,  with  some  powdered  glass ;  and  if  the  ore  contain  ina, 
some  alkaline  salt  may  be  added. 

In  the  humid  way, — The  assay  of  tin  ores  in  the  liqnid  way,  wss 
looked  upon  as  impracticable,  tiH  Bergman  devised  the  followiaf 
method,  which  is  generally  successful.  Let  the  tin  ore  be  well  sepa- 
rated from  its  stony  matrix,  by  well  washing,  and  then  rednccd  la 
the  most  Subtle  powder  ;  digest  it  in  concentrated  oil  of  ritriel,  ia  a 
strong  heat  for  several  boars,  then,  when  cooled,  add  a  mnatf  pertisa 
of  concentrated  marine  acid,  and  suffer  it  to  stand  for  an  hour  or  twn; 
then  add  water,  and  when  the  solution  is  clear,  pour  it  off,  and  pre- 
cipitate it  bv  fixed  alkali — 131  grains  of  this  precipitate,  well  wasb- 
ea  and  driej,  are  equivalent  to  100  of  tin  in  its  regnline  state,  if  tke 

grecipitate  consist  of  pure  tin ;  but  if  it  contain  copper  or  iron,  it  amtt 
e  calcined  in  a  red  heat  for  an  hour,  and  then  digested  in  nitrMt 
acid,  which  will  take  op  the  copper ;  and  afterwards  in  marine  mdi, 
which  will  separate  the  iron. 

Lead  Ores. — As  most  of  the  lead  or^s  contain  either  sniplrar  ar 
arsenic,  they  require  to  be  well  roasted.  Take  a  qointal  of  masted 
ore,  with  the  same  quantity  of  calcined  borax,  half  a  quintal  of  iat 
powdered  glass,  a  quarter  of  a  quintal  of  pitch,  and  as  ninch  tkm 
mm  filings.    Line  th«  crudbte  with  wetted  cbaraMd  dnat,  and  pit 
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t^  nit«C«re*iiite  tlie  cradbfe,  and  pkuce  it  before  the  bellows  of  t 
forge-fire.  When  it  is  red  hot,  raise  the  fire  for  15  or  20  minntest 
then  withdraw  the  cmcible,  and  break  it  when  cold. 

In  ike  humid  uNiy.-^-Dissolve  the  ore  by  boiling  it  in  dilute  nitrooa 
Held  ;  the  snlphor,  insoloble  stony  parts,  and  calx  of  iron  trill  remain* 
The  iron  may  be  separated  by  digestion,  in  the  marine  add,  and  the 
polphar  by  diffestion*  in  caustic  fixed  alkali.  The  nitrous  solution 
contains  the  lead  and  silver,  which  shoulcl  be  precipitated  by  the 
aiineral  fixed  alkali,  and  the  precipitate  well  washed  in  cold  watery 
dried,  and  weighed.  Digest  it  in  caustic  volatile  alkali,  which  will 
take  up  the  calx  of  silver^  the  residuum  being  again  dried  and 
weighed,  gives  the  proportion  of  the  calx  of  lead,  132  grains  of 
which  are  equal  to  100  of  lead  in  its  metallic  state.  The  differ* 
ence  of  weieht  of  the  precipitate  before  and  after  the  application 
of  the  v<^tile  alkali,  gives  the  quantity  of  silver,  129  grains  of  which 
are  equal  to  100  of  silver  in  its  metallic  state. 

Copper  Oref.-^Take  an  exact  troy  ounce  of  the  ore,  previously  puU 
veriied,  and  calcine  it  well ',  stir  it  all  the  time  with  an  iron  rod> 
without  removing  it  from  the  crucible  ;  after  the  calcination  add  an 
equal  quantity  of  borax,  half  the  quantity  of  fusible  glass,  one-fourth 
the  quantity  of  pitch,  and  a  little  charcoal-dost  -,  rub  the  inner  sur- 
face  of  the  crucible,  with  a  paste  composed  of  charcoal-dust,  a  little 
fee  powdered  clay  and  water.  Cover  the  mass  with  common  salt, 
and  put  a  lid  on  the  crucible,  which  is  to  be  placed  iu  a  furuHce  :  the 
fire  IS  to  be  raised  gradually,  till  it  bums  briskly,  and  the  crucible  con- 
tinued in  it  for  half  an  hour,  stirring  the  metal  frequently  with  an 
iron  rod,  and  when  the  scoria  which  adheres  to  the  rod  appears 
clear,  then  the  crucible  must  be  taken  out,  and  suffered  to  cool  -,  after 
which  it  most  be  broken,  and  the  regulns  separated  and  weighed  ^ 
this  is  called  black  copper,  to  refine  which,  equal  parts  of  common 
aalt  and  nitre  are  to  be  well  mixed  together*  The  black  copper  is 
brought  into  fusion,  and  a  tea-spoonful  of  the  flux  is  thrown  upon 
tt,  which  is  repeated  three  or  four  times,  when  the  metal  is  poured 
into  an  ingot  nunild,  and  the  button  is  found  to  be  fine  copper. 

In  ike  humid  u^oy.— Make  a  solution  of  vitreous  copper  ore,  in 
6  times  its  weight  of  concentrated  vitriolic  acid,  and  boil  it  to  dry^ 
ness ;  add  as  much  water  as  will  dissolve  the  vitriol  thus  formed  j 
to  this  solution  add  a  clean  bar  of  iron  which  will  precipitate  the 
whole  of  the  copper  in  its  metallic  form.  If  the  solution  be  conta* 
mmated  with  iron,  the  copper  most  be  re-dissolved  in  the  same  man- 
ner, and  precipitated  again.  The  sulphur  may  be  separated  by  fii* 
Iratioa. 

Bismuth  Ores.— If  the  ore  be  mineralized  by  sulphur,  or  sulphur 
and  iron,  a  previous  roasting  will  be  necessary.  The  strong  ores  re* 
quire  no  roasting,  but  only  to  be  reduced  to  a  fine  powder.  Take 
the  assay  weight  and  mix  it  with  half  the  quantity  of  calcined  bo* 
rax,  and  the  same  of  pounded  glass  ;  line  the  crucible  with  charcoal  | 
Melt  it  as  quickly  as  possible }  and  when  well  done,  take  oat  the  < 
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f  I  Wis.  RQd  let  it*  cool  gmbially.    Jha  regoliM  witt  lie  tomi  «t  A| 
)>attoiii. 

/n  ^Ae  Htfmu/  tpoy.^Bismotb  is  easily  soluble  in  altroas  acid  or 
tqua^regia.  Its  solution  is  colourless,  and  is  precipitable  by  tbe  ad- 
dition of  pure  water ;  1 18  grains  of  the  precipitate  from  niuoiu  add 
wdl  washed  and  dried,  are  eqaal  to  100  of  tMsmoth  in  ks  netalSc 

lorm. 

Antimonial  Ores.-^Take  a  common  cmdble,  bore  a  nvodber  e( 
^mall  holes  in  the  bottom,  and  place  it  m  another  cmdble  a  sat 
amaller,  Uitiog  tbero  well  t4^elher,  then  put  the  proper  qoantitj  d 
ore  in  small  lumps  into  the  upper  crucible,  aqd  lute  tbereon  a  corer; 
place  these  vessds  on  a  hearth,  and  surround  them  with  stODesabeal 
six  inches  distant  from  them  ;  the  intermediate  space  must  be  &lkd 
with  ashes,  so  that  the  undermost  crodble  may  be  covered  with  them; 
but  upon  the  upper  pharcoal  must  be  laid,  and  the  whole  made  ni 
hot  by  the  assistance  of  hand-bellpws.  The  antimony  being  of  tm 
fusion  is  separated,  and  runs  through  the  holes  of  the  apper  nm 
juto  the  inferior  one,  where  it  is  collected* 

Humid  Assay  of  Arseniated  j^ndmoay.— Dissolve  tbe  ore  in  aqn* 
regia,  both  the  reguhis  and  arsenic  remain  in  the  solatioQ,  the  s^ 
phur  is  separated  by  filtration.  If  the  solution  be  boiled  with  twioi 
its  weight  of  strong  nitrous  add,  the  regulus  of  antimoay  wiii  be 
precipitated,  and  the  arsenic  converted  into  an  add^  which  may  U 
obtained  by  evaporation  to  dryness. 

Manganese  Ore. — ^The  regulus  is  obtained  by  mixing  the  cak  « 
ore  of  manganese  with  pitch,  making  it  into  a  ball,  and  patting  it  iat» 
a  crucibleTTined  with  powdered  charcoal,  l-lOth  of  an  inch  ontjc 
sides,  and  \  of  an  inch  at  bottom,  then  filling  the  empty  space  akk 
pharcoal  dust,  covering  the  crudble  with  another  invert^  and  latsd 
on,  and  e^cposing  it  to  ^hc  strongest  beat  of  a  (brge  for  an  boar  u 
more* 

In  the  Humid  ^y.— The  ores  should  be  first  well  roasted  to  de- 
phlogisticate  the  calx  of  manganese  and  iron,  if  any,  and  then  trcatti 
with  nitrous  add  to  dissolve  the  earths.  The  residuum  should  saw 
be  treated  with  nitrous  acid  and  sugar,  by  which  means  a  cokrarlea 
solution  of  manganese  will  be  obtained,  and  likewise  of  the  iroa,  if 
any.  Precipitate  with  the  Prussian  alkali,  and  digest  the  predpitale 
in  pure  water;  the  prnssiate  of  manganese  will  be  dissolved,  whilst 
the  prussiate  of  iron  will  remain  undissolved. 

Arsenical  Om.— This  assay  is  made  by  sublimation  in  dose  ves- 
sels. Beat  the  ore  into  small  pieces,  and  put  them  into  a  matra^ 
which  place  in  a  sand-pot,  with  a  proper  degree  of  heat ;  the  araeais 
sablimes  in  this  operation,  and  adheres  to  the  upper  part  of  the  vcs- 
sd  ;  when  it  must  be  carefully  collected  with  a  view  to  ascertain  its 
weight.  Sometimes  a  single  'sublimation  will  not  be  sufBcteot,  Soc 
the  arsenic  in  many  cases  will  melt  with  the  ore,  and  prevent  its 
total  volatilization  j  in  which  case  it  is  better  to  perform  tbe  fir< 
aahliflsation  with  a  moderate  heat,  and  afterwards  bruise  tbe  n^r 
nainder  sgain,  and  expose  it  to  a  stronger  heat. 
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In  ike  HuwtktWtnf.'^'KgoBt  the  ore  in  miftrine '  add;  nd^tg  the 
tiitroos  hy  degrees  to  help  the  solotioo.  The  sulphur  will  be  foand  oa 
the  fiker ;  the  arsenic  will  remain  in  the  solution,  and  may  be  preci- 
nitated  in  its  metallic  form  by  zinc,  adding  spirit  of  wine  to  the  so* 
Intion. 

'  Mckel  Ore, — ^The  ores  must  be  well  roasted  to  expel  the  snlphnr 
•nd  arsenic ;  the  greener  the  calx  proves  doring  this  torrefactioD^ 
the  more  it  abounds  in  the  nickel ;  but  the  r^der  it  is,  the  more 
iron  it  contains.  The  proper  quantity  of  this  roasted  ore  is  fused  in 
«n  open  crociUe,  with  twice  or  thrice  its  weight  of  black  flux»  and 
the  whole  coyered  with  common  salt.  By  exposing  the  crucible  to 
the  strongest  heat  of  a  forge-fire,  and  making  the  fusion  complete, 
a  regttlus  will  be  produced.  This  r^gulns  is  not  pure,  but  contains  a 
portion  of  arsenic,  cobalt,  and  iron.  Of  the  first  it  may  be  deprivetf 
by  a  fresh  calduation,  with  the  addition  of  powdered  charcoal  $  and 
of  the  second  by  scorification ;  but  it  is  with  difficulty  that  it  is  en* 
tirely  freed  from  the  iron. 

•  In  the  Humid  Way. — ^By  solution  in  nitrous  acid,  it  is  freed  from 
its  sulphur ;  and  by  adding  water  to  the  solution,  bismuth,  if  any, 
may  be  precipitated  r  as  may  silver*  if  contained  in  it,  by  the  marine 
acid  ;  and  copper,  when  any,  by  iron- 
To  separate  cobalt  from  nickel,  when  the  cobalt  is  in  considerable 
quantity,  drop  a  saturated  solution  of  the  roasted  ore  in  nitrous  acid 
into  liquid  volatile  alkali ;  the  cobaltic  part  is  instantly  re-dissolved 
and  assumes  a  garnet  colour ;  when  filtered,  a  grey  powder  remains 
on  the  filtdr,  which  is  the  nickel.  The  cobalt  may  be  precipitated 
from  the  volatile  alkali  by  any  acid. 

Cobalt  Ores. — Free  them  as  much  as  possible  from  earthy  matters 
by  well  washing,  and  from  sulphur  and  arsenic  by  roasting;  The 
pre  thus  prepared  is  to  be  mixed  with  three  parts  of  black  flux,  and  a 
little  decrepitated  sea-salt  :  put  the  mixture  in  a  lined  crucible,  cover 
It,  and  place  it  in  a  forge-fire,  or  in  a  hot  furnace,  for  this  ore  is  very 
difficult  of  fusion. 

-  When  well  fused,  a  metallic  regulus  will  be  found  at  the  bottom, 
covered  with  a  scoria  of  a  deep  blue  colour  :  as  almost  all  cobalt 
ores  contain  bismuth,  this  is  reduced  by  the  same  operation  as  the 
regulus  of  cobalt :  but  as  they  are  incapable  of  chemically  uniting 
together,  they  are  always  found  distinct  from  each  other  in  the  cni« 
xnble.  The  r^lus  of  bismuth  having  a  greater  specific  gravity,  is 
always  at  the  bottom,  and  may  be  separated  by  a  blow  with  a  hammer. 
In  the  Humid  Way, — Make  a  solution  of  the  ore  in  nitrous  add, 
or  aqoa-regia,  and  evaporate  to  dryness  ;  the  residuum,  treated  with 
jthe  acetous  acid  will  yield  to  it  the  cobaltic  part;  the  arsenic  should 
be  first  precipitated  by  the  addition  of  water. 

Mercurial  Orej.— The  calcifonn  ores  of  mercury  are  easily  lednoed 
without  any  addition.  A  quintal  of  the  ore  is  put  into  a  retort,  aad 
41  receiver  luted  on,  containing  some  water ;  the  retort  is  placed  in  a 
sand-bath,  and  a  sufficteot  degree  of  heat  given  it,  to  force  over  the 
«mcury  which  is  condensed  in  the  water  of  the  receiver. 
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Sutphuraied  Mercurud  Orar.— The  tulp^fraon*  ores  iietoi^ 
^  distillation  in  the  manner  abofe^  only  these  ores  reqniie  an  cqai 
-weight  of  clean  iron-filings  to  be  mixed  with  them,  to  diseBgafje  tht 
*8nl^ur,  while  the  heat  volatiltxes  the  mercory,  and  forest  kisto  tk 
receiver.  These  ores  should  likewise  be  tried  for  cinnabar,  to  }atm 
whether  it  will  answer  the  purpose  of  extractkig  it  firw^tka:  for 
this  a  determinate  qoantity  of  the  ore  is  finely  powdered  and  pal  inti 
a  glass  vessel,  which  is  exposed  to  a  gentle  heat  at  first,  aad  grHhnlf 
Increased  till  nothing  more  is  sablim^.  By  the  quantity  tiiw  acqiM 
a  judgment  may  be  formed  whether  the  process  vnll  imswer.  Smm* 
times  this  cinnabar  is  not  of  so  lively  aoolonr  as  that  which  is  smI 
in  trade ;  fn  this  case  it  may  be  refined  by  a  second  snbiimatioa,  tai 
if  it  be  still  of  too  dark  a  colour,  it  may  be  brightened  by  the  ad6* 
tion  of  a  quantity  of  mercury,  and  subliming  it  again. 

HMmid  Assay  of  Cinnabar, ^'The  stony  matrix  should  be  disioM 
w  nitrons  acid,  and  the  cinnabar,  being  disengaged,  should  be  faoiM 
in  8  or  10  times  its  weight  of  aqua  regia,  composed  of  3  parts  nitroi% 
and  1  of  marine  acid.  Hie  mercory  may  be  precipitated  in  its  ivi> 
aing  form  by  zinc. 

Silver  Ores* — Take  the  assay  quantity  of  the  ore  finely  powderet 
and  roast  ft  well  in  a  proper  degree  of  heat,  frequently  stiniiif  it 
with  an  iron  rod ;  then  add  to  it  about  double  the  quantity  of  gn- 
nulated  lead,  pat  it  in  a  covered  crucible,  and  place  it  in  a  fumtt) 
raise  the  fire  gently  at  first,  and  continue  to  increase  it  gradsslyi 
till  tho  metal  begins  to  work;  if  it  should  appear  too  thick,  miHet't 
thinner  by  the  addition  of  a  little  more  lead  \  if  the  metal  ikoiU 
boil  too  rapidly,  the  fire  should  be  diminished.  The  surface  v3l  bt 
covered  by  degrees  with  a  mass  of  scoria,  at  which  time  tbeacbl 
should  be  carefully  stirred  with  an  iron  hook  heated,  especially  It* 
wards  the  border,  lest  any  of  the  ore  should  remain  nndissolrd} 
'  and  if  what  is  adherent  to  the  hook  when  raised  from  the  crodble, 
melts  quickly  again,  and  the  extremity  of  the  hook,  after  it  is  grovi 
cold,  is  covered  with  a  thin,  shining,  smooth  crust,  the  scorificatios  ii 
perfect  |  but,  on  the  contrary,  if  while  stirring  it,  any  coosiderabk 
clamminess  is  perceived  in  the  scoria,  and  when  it  adheres  tathi 
hook,  though  red  hot,  and  appears  unequally  tinged,  and  seems  dotty 
or  rough,  with  grains  interspersKi  here  and  there,  the  soorificatka 
is  incomplete ;  in  consequence  of  which  the  fire  should  be  intrmrf 
a  little,  and  what  adheres  to  the  hook  should  be  gently  beaten  A 
and  returned  with  a  small  ladle  into  the  crucible  again.  When  tbt 
•  scorificHtion  is  perfect,  the  metal  should  be  poured  into  a  cone,  pre- 
viously rubbed  with  a  little  tallow,  and  when  it  becomes  cold,  tkt 
-  scoria  may  be  separated  by  a  few  strokes  of  a  hammer.  The  battst 
is  the  produce  of  the  assay. 

By  Cupeilation.'^Tnke  the  assay  quantity  of  ore,  roast  and  griad 
it  with  an  equal  portion  of  litharge,  divide  it  into  2  or  3  parts,  aid 
wrap  each  up  in  a  small  piece  of  paper  j  put  a  cupel  previously  «»• 
f^oned  under  a  muffle,  with  about  6  times  the  quantity  of  lead  apoa  it 
AMhen  the  lead  begins  to  work,  carefiilly  put  on«  of  the  pap«*  ip* 
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ity  mnd  after tbb  iaabaoirbed,  put  06  a neoomif  and  soon fiSU  thewbola 
quantity  is  introdaced;  then  raise  the  fire^  and  a3  the  scoria  is  fomed^ 
it  will  be  taken  np  by  the  cupel,  and  at  last  the  silver  will  remain 
alone.  This  will  be  the  produce  of  the  assay,  unless  the  lead  con- 
tains a  small  portion  of  silver,  which  may  be  discovered  by  putting 
an  equal  quantity  of  the  same  lead  on  another  cupel,  and  working  it 
off  at  the  same  time;  if  any  silver  be  -produced  it  must  be  deducted 
from  the  assay.    This  is  called  the  witness. 

In  the  humid  u^y.— -Boil  vitrooup  silver  ore  in  dilute  nitrous  add, 
using  about  25  times  its  weight,  until  the  sulphur  is  quite  exhausted* 
The  silver  may  be  precipitated  from  the  solution  by  marine  acid,  or 
common  salt  j  100  grains  of  this  precipitate  contain  75  of  real  silver  j 
if  it  contain  any  gold  it  will  remain  undissolved.  Fixed  alkalies  pre- 
cipitate the  earthy  matters,  and  the  Prusaian  alkali  will  show  if  any 
other  metal  be  contained  in  the  solution. 

To  Assay  the  value  of  SUver.'^Tht  general  method  of  ezamini^ 
the  purity  of  silver  is  by  mixing  it  with  a  quantity  of  lead  propor- 
tionate to  the  supposed  portion  of  alloy :  by  testing  this  mixture, 
and  afterwards  weighing  the  remaining  button  of  silver.  This  is  the 
same  process  as  refining  silver  by  cupellation. 

It  is  supposed  that  the  mass  of  sUver  to  be  exammed,  consists  of 
12  equal  part8»  called  penny-weights  ;  so  that  if  an  ingot  weighs  an 
ounce,  each  of  the  parts  will  be  1-1 2th  of  an  ounce.  Hence,  if 
the  mass  of  silver  be  pure,  it  is  called  silver  of  12  penny-weights  1 
if  it  contain  lrl2th  of  its  weight  of  alloy,  it  is  called  sUver  of  U 
penny-weights  :  if  2-12tbs  of  its  weight  be  alloy,  it  is  called  silver 
of  10  peony-weights  $  which  parts  of  pure  silver  are  called  5  penny** 
weights.  It  must  be  observed  here,  that  assayers  give  the  name 
penny-weight,  to  a  weight  eqaal  to  24  real  grains,  which  must  not 
be  confonnded  with  their  ideal  weights.  The  assayers*  grains  are 
called  fine  grains.  An  ingot  of  fine  silver,  or  silver  of  1 2  penny^ 
we  gbts,  contains,  then,  288  fine  grains ;  if  this  ingot  contain  1  •288th 
at  alhiy,  it  is  said  to  be  silver  of  1 1  penny-weights  and  23  grains  ; 
if  it  contain  4-288th8  of  alloy,  it  is  said  to  be  1 1  penny-weights,  20 
grains,  &c.  Now  a  certain  real  weight  must  be  taken  to  represent 
the  assay- weights :  for  instance,  36  real  grains  represent  12  fine 
penny-weights ;  this  is  subdivided  into  a  sufficient  nnmber  of  other 
smaller  weights,  which  also  represent  fractions  of  fine  penny-weighta 
and  grains.  Thus,  18  real  grains  represent  6  fine  penny-weights  ; 
3  real  grains  represent  1  fine  penny -weight,  or  24  grains  }  a  real 
grain  and  a  half  represents  12  fine  grains :  l-32d  of  a  real  grain  re* 
presents  a  quarter  of  a  fine  grain,  wliich  is  only  1  •752nd  part  of  » 
mass  of  12  penny- weights. 

Double  Assay  of  Sihtr.^^lt  is  customary  to  make  a  double  assay. 
The  silver  for  the  assay  should  be  taken  from  opposite  sides  of  the 
ingot,  and  tried  on  a  touch-stone.  Assayers  know  pretty  nearly  the 
value  of  silver  merely  by  the  look  of  the  ingot,  aod  still  better  by. 
the  test  of  tha  toach-stone«     The  quantity  of  lead  to  be  added  is  re^ 
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764  APPXNDIX* 

gnlated  by  tbe  portiOQ  of  alloy,  wfaidi  bring  in  genecBl  copper,  «il 
be  nearly  as  follows  : 


Silver  of  dwts. 

grs.  dwt8.gr8. 
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6  —  ^-  ^- 

5  to    6\S 
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12 
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13— M  >-8 
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0— 1611 

3 

0—    1   12 

1 

12  —    0  18 

,.  «r-2oJp 

The  enpel  most  be  heated  red  hot  for  half  an  hour  before  «djb» 
lal  it  pat  npon  it,  by  which  all  moistare  is  expelled.  When  tbecipd 
is  almost  white  by  heat,  the  lead  is  pot  into  it,  and  the  fire  increaKd 
till  the  lead  becomes  red  hot,  smoking,  and  agitated  by  a  raotioa«f 
idl  its  parts,  called  its  circnlation.  Then  the  silver  is  to  be  pot « 
the  cupel,  and  the  (ire  continued  till  the  silver  has  entered  titeksd; 
and  when  the  mass  circulates  well*  the  beat  must  be  dimini^ed  bv 
dosing  more  or  less  the  door  of  the  assay  fomaoe.  The  heat  sImh 
be  so  regulated,  that  the  metal  on  its  surface  may  appear  oonvei  «i 
ardent,  while  the  cupel  is  less  red  ;  that  the  smoke  ahall  rise  tote 
roof  of  the  muffle ;  that  undulations  shall  be  made  in  all  direcdoas; 
and  that  the  middle  of  the  metal  shall  appear  smooth,  with  a  ad 
circle  of  litharge,  which  is  continually  imbibed  by  the  cupel  ^ 
this  treatment*  the  lead  and  alloy  will  entirely  be  absorbed  by  ^  cipo, 
and  the  silver  become  bright  and  shining,  when  it  is  said  to  l^ta; 
after  which,  if  the  operation  has  been  well  performed,  the  silver  vi 
be  covered  with  rainbow  colours,  which  quickly  undulate  aad  cam 
each  other*  and  then  the  button  becomes  fixed  and  solid. 

The  diminution  of  weight  shews  the  quantity  of  alloy.  At  all  levi 
contains  a  small  portion  of  silver,  an  equal  weight  with  that  used  ia 
the  assay,  is  tested  off,  and  the  product  deducted  from  the  asny 
weight.    This  portion  is  called  the  witness. 

To  Assay  Plated  Meials.^^Take  a  determinate  quantity  of  tk 
plated  metal ;  put  it  into  an  earthen  vessel,  with  a  soffideat  oau- 
tity  of  the  above  menstruum,  and  place  it  in  a  gentle  heat,  wka 
the  silver  is  stripped,  it  must  be  collected  with  common  sah;  tbe 
ealx  roost  be  tested  with  lead,  and  the  estimate  made  aooordiag  ta 
the  product  of  silver. 

Ores  and  Earths  containing  Gold, — No.  1  .—That  whidi  is  aoir 
most  generally  used  is  by  amalgamation,  the  proper  quantity  is  t^ 
and  reduced  to  a  powder ;  about  1-1 0th  of  its  weight  of  pare  q^* 
silver  is  added,  and  the  whole  triturated  in  an  iron  mortar.  The  it- 
tractioo  subsisting  between  the  gold  and  quicksilver,  quickly  unitet 
them  in  the  form  of  an  amalgam,  which  is  pressed  through  shanois 
leather ;  the  gold  is  easily  separated  from  this  amalgam,  by  exposaia 
to  a  proper  c&gree  of  heat,  whidi  evaporates  the  qaicksiher,  lad 
leaves  the  gold.  Ttiis  evaporation  should  be  made  witii  Ivted  leaieh. 

This  is  the  foundation  c^  all  the  operationa  by  whkh  geki  is  ok* 
tained  from  the  rich  mines  of  Pent,  in  Spanish  America. 


Digitized 


by  Google 


No.  2. — Take  a  qaantity  of  tbe  gold^sand,  and  heat  it  red-hot, 
qoench  it  in  water  3  repeat  this  two  or  three  times,  and  the  colour  of 
the  sand  will  become  a  reddish  brown.  Then  mix  it  with  twice  its 
weight  of  litharge,  and  revive  the  litharge  into  lead^  by  adding  a 
small  portion  of  charcoal-du8t»  and  exposioff  it  to  a  proper  degree' of 
heat ;  when  the  lead  revives,  it  separates  the  gold  from  the  sand  ; 
and  the  freeing  of  the  gold  from  the  lead  most  be  afterwards  per« 
formed  by  capellation* 

No.  3.— Bergman  assayed  metallic  ores  containing  gold,  by  mixing 
two  parts  of  the  ore,  well  ponnded  and  washed,  with  1^  of  litharge, 
and  3  of  glass ;  covering  the  whole  with  common  salt,  and  melting  it 
in  a  smith's  forge,  in  a  covered  crucible  ;  he  then  opened  the  crncible, 
put  a  nail  into  it,  and  continued  to  do  so,  till  the  iron  was  no  longer 
attacked.  The  lead  was  thus  precipitated  which  contained  the  gold, 
and  was  afterwards  separated  by  cupellation. 

Humid  Assay  of  Gold  mixed  with  Martial  PyW^es.— Dissolve  the 
ore  in  twelve  times  its  weight  of  dilute  nitrous  acid^  gradually  added  ; 
place  it  in  a  proper  degree  of  heat  \  this  takes  np  the  soluble  parts, 
and  leaves  the  gold  untouched,  with  tbe  insoluble  matrix,  from  which 
it  may  be  separated  by  aqua  regia.  The  gold  may  be  again  separated 
from  the  aqua  regia  by  pouring  ether  upon  it  $  the  ether  takes  up  the 
gold,  and  by  being  burnt  off  leaves  it  in  its  metallic  state.  The  solu- 
tion may  contain  iron,  copper,  manganese,  calcareous  earth,  or  argil ; 
if  it  be  evaporated  to  dryness,  and  the  residuum  heated  to  redness 
for  half  an  hour,  volatile  alkali  will  extract  the  copper  -,  dephlogisti- 
cated  nitrous  acid,  the  earths^  the  acetous  acid,  the  manganese ;  and 
the  marine  acid,  the  calx  of  iron.  The  sulphur  floats  on  the  first 
solution,  from  which  it  should  be  separated  by  hltration. 


PARTING. 

By  this  process  gold  and  silver  are  separated  from  each  other. 
These  two  metals  equally  resisting  the  action  of  fire  and  lead,  most 
therefore  be  separated  by  other  means.  This  is  effected  by  different 
menstrua.  Nitrous  acid,  marine  acid  and  sulphur,  which  cannot  attack 
gold,  operate  upon  silver;  and  these  are  the  principal  agents  em« 
ployed  in  this  process. 

Parting  by  nitrous  acid  is  most  convenient,  consequently  most 
nsed, — indeed,  it  is  the  only  one  employed  by  goldsmiths.  This  is 
called  simply  parting. 

That  made  by  the  marine  acid  is  by  cementation,  and  is  called 
cent  rated  parting ;  and  parting  by  sulphur  is  made  by  fusion,  and 
called  Dry  Parting. 

Parting  by  Aqua'Fortis,  This  process  cannot  succeed  unless  we 
attend  to  some  essential  circumstances  :  1st.  The  gold  and  silver 
must  be  in  a  proper  portion,  viz.  the  silver  ought  to  Lhb  three  parts  to 
one  of  gold ;  though  a  mass  containing  two  parta  of  .silver  to  one  of 
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gold  may  be  parted.  To  judge  of  tbe  qvality  of  the  oeul  l»  be 
parted,  asdayers  make  a  comparisoa  apon  a  touch-atone,  betvcn  it 
and  certain  needles  composed  of  gold  and  silver,  in  graduated  pro- 
portions* and  properly  marked  ;  which  are  called  Paoor  Nbedles. 
If  this  trial  shews  that  the  silver  is  not  to  the  gold  as  three  to  ok, 
the  mass  is  improper  for  the  operation,  unless  more  ailrer  be  added ; 
and  2d1y,  that  the  parting  may  be  exact,  the  aqnarfortis  most  be  sgi 
pure,  especially  free  from  any  mixture  of  the  vitriolic  or  mariAe  adi 
For  if  this  were  not  attended  to,  a  quantity  of  silver  pr(^K>rtioBaye 
to  these  two  foreign  acids  would  be  separated  during  the  solstioa^ 
and  this  quantity  of  sulphate  of  silver  would  remain  mingled  vitli 
the  gold,  which  consequently  would  not  be  entirdy  pori^  by  tk 
operation. 

The  gold  and  silver  to  be  parted  ought  previously  to  be  grsnoUtei 
by  melting  it  in  a  crucible,  and  pouring  it  into  a  vessel  of  vato. 
giving  the  water  at  the  same  time  a  rapid  circular  motion,  by  qMf 
stirring  it  round  with  a  stick.  The  vessels  generally  used  ia  tb 
operation  are  called  parting  glasses,  which  ought  to  be  ver)'  wd 
annealed,  and  chosen  free  from  flaws ;  as  one  of  the  chief  iocoEn* 
niences  attending  the  operation  is,  that  the  glasses  are  apt  to  crack  b( 
exposure  to  cold,  or  even  when  touched  by  the  hand.  Some  operatos 
secure  the  bottom  of  the  glasses  by  a  coating  composed  of  a  oiitire 
of  new-slaked  lime,  with  beer  and  whites  of  eggs  spread  on  a  cbtk, 
and  wrapped  round  the  glasses  at  the  bottom  ;  over  which  they  iffih 
a  composition  of  clay  and  hair.  The  parting  glasses  sh^ld  k 
placed  in  vessels  containing  water  supported  by  trivets,  with  a  kt 
under  them  ;  because  if  a  glass  should  break,  the  contents  areca^^ 
in  the  vessel  of  water.  If  the  heat  communicated  to  the  water  be 
too  great,  it  may  be  properly  regulated  by  pouring  cold  water  gradDtSy 
and  carefully  down  the  side  of  the  vessel  into  a  parting  glasi  13 
inches  high,  and  10  or  12  inches  wide  at  the  bottom ;  placed  lit 
copper  pan  12  inches  wide  at  bottom,  15  inches  nide  at  top,  aod  10 
inches  high  ;  there  is  usually  put  about  80  oz.  of  metal,  with  twice 
as  much  of  aqna-fortis. 

The  aqna-fortis  ought  to  be  so  strong  as  to  act  sensibly  oa  s2wt 
when  cold,  but  not  so  strong  as  to  act  violently.  Little  beat  shoild 
l>e  applied  at  first,  as  the  liquor  is  apt  to  swell  aod  rise  over  tW 
vessel  I  but  when  the  acid  is  nearly  saturated,  the  heat  may  safdr  be 
increased.  When  the  solution  ceases,  which  is  known  by  the  eier- 
yescence  discontinuing*  the  liquor  is  to  be  poured  off,  if  any  gnio^ 
appear  entire,  more  aqua-fortis  must  be  added,  till  the  silver  is  >£ 
dissolved.  If  the  operation  has  been  performed  slowly,  the  reoaiaki< 
gold  will  have  the  form  of  distinct  masses.  The  goki  appears  bbct 
after  parting ;  its  parts  have  no  adhesion  together,  because  the  siref 
dissolved  from  it  has  left  many  interstices.  To  give  them  more  aeS- 
dity,  and  improve  their  colour,  they  are  put  into  a  test  under  amafle* 
and  made  red  hot,  after  which  they  contract  and  become  more  ssM, 
and  the  gold  resumes  its  colour  and  lustre.  It  is  then  called  Gaani 
Gold.    If  the  operation  has  been  performed  haatily,  ihe  gold  vrl 
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have  the  appearance  ol  bkck  mud  or  powder^  which^  after  well 
wmithiisg,  iBoat  be  melted. 

The  silver  b  utnally  recovered  by  precipitatiag  it  from  the  aqua- 
fortia  by  means  of  pore  copper.  If  the  solution  be  perfectly  satu- 
rated^ ao  precifntaUon  can  take  piace^  till  a  few  drops  of  aqna-fortis 
are  added  to  the  liquor*  The  precipitate  of  sil?er  must  be  well 
crashed  with  boiling  water,  and  may  be  fused  with  nitre,  or  tested  off 
with  lead. 

Parting  by  Cemaitation.^^A  cement  is  prepared,  composed  of  4 
parts  of  bricks  powdered  and  sifted ;  of  oue  part  of  green  vitriol 
caiciDed  tUl  it  becomes  red ;  aad  of  one  part  of  common  salt :  this 
Is  to  be  made  into  a  &rm  pa)»te  with  a  little  waten  It  is  called  the 
Cbmcnt  Royal. 

The  cold  to  be  cemented  is  reduced  into  plates  as  thin  as  money. 

At  the  bottom  of  the  crucible  or  cementing  {lot,  a  stratum  of  cement, 

of  the  thickness  of  a  finger^  is  put,  which  is  covered  with  plates  of 

gold  ;  aad  so  the  strata  are  placed  aherDately.    The  whole  is  covered 

with  a  lid,  which  is  luted  with  a  mixture  of  clay  and  sand.    This 

pot  must  be  placed  in  a  furnace  or  oven,  heated  gradually  till  it 

becomes  red  hot,  in  which  it  must  be  continued  during  24  hours.  The 

Jieat  must  not  melt  the  gold.    The  pot  or  crucible  is  then  sufifered  to 

«ool ;  and  the  gold  carefully  separated  from  the  cement,  and  boiled 

at  different  times  in  a  large  quantity  of  pdre  water^    It  is  then  assayed 

'        -aiKm  a  touch-stone,  or  otherwise  -,  and  if  it  be  not  sufficiently  pure, 

^         -it  is  cemented  a  second  time.     In  this  process  the  vitriolic  acid  of  the 

'         brkka,  and  of  the  calcined  vitriol,  decomposes  tlie  common  salt  during 

.the  cementation,  by  uniting  to  its  alkaline  base,  while  the  marine  acid 

[        4iecaaiea  concentrated  by  the  heat,  and  dissolves  the  silver  alloyed 

with  the  gold.    This  is  a  very  troublesome  process,  though  it  sue* 

^         oeeds  when  the  portion  of  silver  is  so  small  that  it  would  be  defended 

from  the  action  of  aqua-fort  is  by  the  super-abundant  gold  ;  but  is 

^  Httle  used,  except  to  extract  silver,  or  base^metats,  from  the  surface 

of  gold,  and  thus  giving  to  an  alloyed  metal,  the  colour  and  appear- 

^  ance  of  pure  gold. 

Dry  Par/tii^.<— This  process  is  performed  by  sulphur,  which  wijl 

^  easily  unite  with  silver,  but  does   not  attack  gold.    As  this  dry 

parting  is  even  troublesome  as  well  as  expensive,  it  ought  not  to  be 

undertaken  but  on  a  considerable  quantity  of  silver  alloyed  with  gold. 

'  The  general  procedure  is  as  follows«^The  me^al  must  be  granulated; 

^  hma  1*8  to  1*5  of  it  (according  as  it  is  richer  or  poorer  in  the  gold.) 

•  Is  reserved,  and  the  rest  well  mingled  with  an  eighth  of  powdered 

•nlphar*;  and  put  into  a  crucible,  keeping  a  gentle  i\re,  that  the  sil- 

rcTf  before  melting,  may  be  thoroughly  penetrated  by  the  sulphur ; 

(  if  the.  lire  be  hastily  urged,  the  sulphur  will  be  dissipated.     If  to 

f  aolphurated  silver  infusion,  pure  silver  be  added,  the  latter  falls  to 

^  the  txittom,  and  forms  there  a  distinct  fluid,  not  roiscible  with  the 

^  other.    The  parkkles  of  gold  having  no  affinity  with  the  sulphurated 

I  '9ihvr,  join  themselves  to  the  pure  silver  wherever  they  come  in  cod* 

tact^  and  are  thus  transferred  from  the  former  into  the  latter^  more  or 
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leas  perfectly,  according  as  the  pureailver  ww  more  or  lesstboro^' 

ly  diffused  through  the  mi^^ture.     It  is  for  this  use  that  a  part  ol'  tk 

granulated  silver  was  reserved.    The  sulphurated  mass  beiag  btvo^ 

luto  fusion,  and  kept  melting  for  nearly  an  hour  in  a  corcred  cnnUe, 

one  third  of  the  reserved  grains  is  thrown  in,  wbich^  when  mcftlBd* 

the  whole  is  well  stirred,  that  the  fresh  silver  may  be  distnfaeled 

through  the  mixed  to  collect  the  gold  from  it ;  this  is  pexfonued  wkh 

a  wooden  rod.    This  is  repeated  till  the  whole  reserved  metal  be  in* 

troduced.    The  sulphurated  silver  appears,  in  foaioa,  of  a  dark  brevi 

colour  'f  after  it  has  been  kept  in  fusion  for  a  certma  dme,  a  part  «f 

the  sulphur  having  escaped  from  the  top,  the  sor&ce  becomes  wlate* 

and  some  bright  drops  of  silver,  about  the  sixe  of  a  pea,  areperoorcd 

on  it.     When  this  happens  the  hre  must  be  immediately  tfiseoan* 

nned,  for  otherwise  more  and  more  of  the  silver  tbos  lomng  its  ssi* 

phur,  would  subside  and  mingle  with  the  part  at  the  bottom,  in  «M 

the  gold  is  collected.  The  whole  is  poured  into  an  iron  mortar  gresnd 

and  duly  heated.    The  gold  diffused  at  first  through  the  whole  mutt 

is  now  found  collected  in  a  part  of  it  at  the  bottom,  (amoontiBg  solf 

to  about  as  much  as  was  reserved  unsulphurated  from  the  mass)  by  t 

chisel  or  hammer,  or  more  perfectly  by  placing  the  whole  mass  wSk 

its  bottom  upwards  in  a  crucible,  the  sulphurated  part  quickly  mdti^ 

leaving,  unmelted,  that  which  contains  the  gold.    The  su^iaatei 

silver  is  assayed,  by  keeping  a  portion  of  it  in  fusion  in  an  opa  oi- 

cibloi  till  the  sulphnr  is  dissipated,  and  then  by  dissolving  it  in  sqm- 

fortis.     If  it  should  still  be  found  to  contain  gold,  it  mnst  be  isb* 

jected  to  the  same  treatment  as  before*     The  ^ohl  thus  collected  Bif 

be  concentrated  into  a  smaller  part  by  repeating  the  vliole  pnov^ 

so  that  at  last  it  may  be  parted  by  aqoa-fortis  withoot  too  mmkfatF 

~j)ense. 


IRON  AND  STEEL; 

Expeditious  mode  of  reducing  Iron  Ore  into  Malleable  /rwi.^lle 
tvay  of  proceeding  is  by  stamping,  washing,  &c.  the  calcine  and  ■»- 
terials,  to  separate  the  ore  from  extraneous  matter ;  then  fitting  the 
prepared  ore  in  an  open  furnace,  and  instead  of  casting  it,  to  aiiit 
it  to  remain  at  the  bottom  of  the  furnace  till  it  becomes  ooid. 

New  Method  of  Shingling  and  Manufacturing  horn. — Tbesft 
being  fused  in  a  reverberating  furnace,  is  conveyed,  whilst  flnid,  ials 
an  air-furnace,  where  it  is  exposed  to  a  strong  heat,  till  a  blaiib 
flame  is  observed  on  the  surface ;  it  is  then  agitated  on  the  sorfiKC* 
till  it  loses  its  fusibility,  and  is  collected  into  lumps  called  /ssfN^ 
These  loops  are  then  put  into  another  atr-fnmaoe,  bronght  to  n  wIhIb 
or  welding  heat,  and  then  shingled  into  half  blooms  or  skAe$.  Thei 
are  again  exposed  to  the  air-£mace,  and  the  half^blooms  taken  ml 
and  forged  into  anconies,  bars,  haffjlats,  and  rod!t  for  r£re ;  while 
the  states  are  passed,  when  of  a  weldhig  heat,  through  the  gvoMi 
rollers.  In  this  way  of  proceeding,  it  matters  not  whether  the  iian 
is  prepared  from  coid  or  hot-short  metal,  nor  is  there  any  i 
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tor  tilt  use  of  finery,  charcoal,  coke,  chafery,  or  hollow  fire  $  or  any 
Untby  bellows  i  or  otherwise-:  or  the  use  of  fluxes^  io  any  part  of 
tiieprooess. 

Approved  Method  of  WeUm^  iron.— This  consists  in  the  skilful 
hmdiing  of  the  iron  to  be  welded  ;  in  the  use  of  an  extraordinary 
large  forge-hammerf  in  employing  a  talHng'fumace,  instead  of  a  hoi- 
low  fire  Of  cheery;  and  in  passing  the  iron,  reduced  to  a  melting  beat, 
through  grooved  miU«»roUers  of  different  shapes  and  sizes,  as  required. 
Common  Hardman^.'^lron,  by  being  heated  red  hot<  and  plunged 
isto  cdd  water,  acqnirea  a  great  degree  of  hardness.  This  proeeeda 
frofli  the  cohJaese  of  the  water  whidi  contracts  the  particles  of  the 
iron  into  less  space. 

Cb«r-Ain^»^.F-C!ase-hardening  is  a  superficial  cosTersion  of 
irea  into  steel  by  cementation.  It  is  performed  on  small  pieces  of 
iron,  by  enclosing  them  in  an  iron  box,  contaimng  bnmt  leather, 
bone-dost,  or  any  other  carbonic  material,  and  exposing  them  for 
aome  hours  to  a  red  heat.  The  surface  of  the  iron  thos  b^omet  per-^ 
leptly  metallised.  Iron  thus  treated  is  susceptible  of  the  finest  polish^ 
To  ccmveri  Iron  ifiio  8ud  by  Cemeniaiion. — ^The  iron  is  formed 
into  bars  of  a  eonvenient  use^  and  then  placed  in  a  cementing  fiuw 
nace,  with  suffieieat  quantity  of  cement,  which  is  composed  of  coals 
of  animal  or  vegetable  snbstances,  mixed  with  calcined  bones,  &c.  The 
following  are  Tery  excellent  cement  i-^lst,  one  part  of  powdered 
charcoal,  and  half  a  part  oi  wood-ashes  well  mixed  together  j  or, 
12dly,  two  parts  of  charcoal,  moderately  powdered,  one  part  of  bones, 
horn,  hair,  or  skins  of  animals,  burnt  m  close  yessels  to  blackness 
and  powdered  i  and  half  a  part  of  woodoashes ;  mix  them  well  to* 
gather.  The  bars  of  uron  to  be  converted  into  steel,  are  placed  upon 
a  stratum  of  cement,  and  covered  all  over  with  the  same  |  and  the 
▼easel  which  contains  them,  closely  luted,  must  be  exposed  to  a  red 
beat  for  8  or  10  hours,  when  the  iron  will  be  converted  into  steel. 

Steel  is  prepared  from  bar  iron  by  fusion ;  which  consists  of  plung* 
iag  a  bar  into  melted  irao^  and  keeping  it  there  for  »ome  tirae^  by 
which  process  it  is  converted  into  good  steel. 

All  iron  which  becomes  harder  by  suddenly  quenching  in  cold 
water  is  called  steel ;  and  that  steel  which  in  quenching  acquires  the 
greatest  degree  of  hardness  in  the  lowest  degree  of  heat,  and  retains 
the  greatest  strength  in  and  after  induration,  ought  to  be  considered 
as  the  best. 

Imoroved  process  o/kardetuMg  5<ee/.— Artkles  maonC^^red  of  steel 
ior  the  parpoaes  of  cutting,  are,  almost  withont  anesception,  ha^d- 
eaed  from  the  anvil ;  in  other  words,  they  are  taken  from  the  forger 
•  taibe  hardener  without  undergoing  any  intermediate  process  $  and 
aocb  is  the  accustomed  routine,  that  the  mischief  arising  has  escaped 
abaarvatkm.  The  act  of  forging  prodnoea  a  strong  scale  or  coating, 
which  is  spread  over  the  whole  of  the  bhde ;  atid  to  make  the  ^vil 
•tiil  asore  formidable,  this  scale  or  coatins  is  unequal  in  substance 
waiytog  in  proportion  to  the  degree  of  neat  communicated  to  the 
•fgei  ia  feiging }  it  is,  j^artiallyy  almost  impenetrable  to  the  action  of 
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water  when  innnersed  for  the  parpoee  of  hardeouig!.    Timtt  ll  W 
tliat  (ttflfereBt  degrees  of  hardiiets  prevail  in  nearly  every  i 


nufactored :  this  is  evidently  a  positive  defect  ^  and  so  bag  as  HL 
cootioues  to  exist,  great  dimrenee  of  tenptratoKe  nmat  eaml  like- 
wise. Razor-blades  not  uafreqneotly  exhibit  Uie  het  here  stslai  ia 
H  very  striking  Manner :  what  are  termed  clonds,  or  parts  el  aaeqail 
potnh,  derive  their  origin  from  thircasse  ;  and  dearly  and  dbtiacBf* 
or  rather  distinctly  thoagh  not  ctmriff^  ^Hmt  how  fiir  this  partisi 
coating  has  extended,  uid  where  the  action  of  the  water  hm  beta 
yielded  to,  and  where  resisted.  It  cer^nly  cannot  be  matter  of  asla^ 
nishment,  that  90  few  impravemeats  have  been  made  im  the  harden- 
ing of  steeU  when  the  evil  here  compbuaed  of  so  nniversaUy  nkkKUi, 
as  aknost  to  warrant  the  supposition  that  a«  attempt  hae  ever  bees 
made  to  remove  it.  The  remedy,  howwer,  ia  easy  and  simpla  in  the 
extreme*  sad  so  evidently  efficient  in  its  applieation,  that  it  oaosol 
but  excite  surprise,  tint,  in  the  present'  highlv  improvied  state  ef  sir 
mannfectures,  such  a  commnaicadaa  shoold  be auide  aaa discoicff 
entirety  new. 

Instead,  therefore,  of  the  cnstomary  node  el  brdeorag  the  bbde 
ftxMn  the  anvil,  kt  it  be  passed  immediately  feom  tlie  bands  of  ihi 
forger  to  the  grimier ;  a  slight  appKcation  of  the  slone  wiU  twmn 
the  whole  of  the  scale  or  coating,  and  the  razor  will  thaa  be  propaHv 
prepared  to  undergo  the  operation  of  hardening  with  advantage,  ll 
will  be -easily  ascertained,  that  steel  in  th»  stete  beats  in  the  ftft  wA 
greater  regularity,  imd  that  when  immersed,  the'obatadea  beiag  fe* 
moved  to  the  immediate  action  of  the  water  on  the^body  of  l^  snA 
the  latter  becomes  equally  hard  frem  one  extremity  Id  tbe«ther.  Ttf 
this  may  be  added,  tnat,  as  tke  lowest  possible  keai  mt  tiMdk  stietlht- 
eom&i  hard  is  induHtahly  the  best^  the  mode  here  reoooiineudcd  wiS 
be  found  the  only  one  by  which  the  process  of  hardening  aur  be 
eflfected  with  a  less  portion  of  fire  than  is,  of  can  be  reqaired  ia  asf 
other  way.  These  observations  are  deci^vOft  aad  will,  in  aM  probi 
bility,  tend  t6  establish  in  general  use  what  caanot  but  be  t^bu^ 
as  a  very  important  improvement  in  the  manufacturing  of  edged  sted 
iastmments. 

jSngHsk  cast  Steet-^The  finest  kind  of  steel,  called  Emgiisk  emi 
steely  IS  pre|MMredi>y  breaking  to  pieces iilistered  sted,  and  than  meMsf 
it  in  a  crucible  wiUi  a  flux  composed  of  carbonaceous  and  Titri4able  is* 
gredients.  The  vitrifiable  ingredient  is  used  only  inasmndi  as  a  fesi- 
ble  body,  whieh  ffbws  over  the  snrfece  of  the  metal  ia  theeractbtoi, 
and  prevents  tiie  access  of  the  ox^^n  of  the  atmosphere.  Brohan  gb» 
is  sometimes  Used  for  this^  purpose. 

When  thoroughly  fused  it  is  cast  into  ingots,  which  by  gentle  hesN 
ing  and  careful  hammering;;  are  tilted  into  bars.  By  tiiis  process  the 
steel  becomes  more  highly  c^hrbonized  in  proportion  to  the  qaantky  of 
flux,  and  in  consequence  is  nfore  brittle  and  fusible  tluui  before. 
Hence,  it  surpasses  all  other  steel  in  uniformity  of  texture,  hard 
and  closeness  of  grain,  and  is  the  materiafemployed  in  all  the  1 
articles  of  EogKsh  cutlery. 
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To  tnahe  Edge-lools  from  cast  Steel  oMd  iron. — ^This  method  coo- 
^ists  m  fixing  a  clean  piece  of  wrought  iron,  bronght  to  a  welding 
heat^  in  the  centre  of  a  mould,  and  then  pouring  in  melted  steel,  so 
as  entirely  to  envelope  the  iron ;  and  thein  forging  the  mass  into  the 
shape  required. 

To  colour  Steel  jB/ue.— The  steel  must  be  finely  polished  on  its 
Surface,  and  then  exposed  to  an  uniform  degree  of  heat.  Ac<i 
eordingly,  there  are  three  ways  of  colouring :  first,  by  a  flame  pro- 
dncing  no  soot,  as  spirit  of  wine  $  secondly,  bv  a  hot  plate  of  iron  ; 
and  thirdly,  by  wood-asbes.  As  a  very  tegmr  degree  of  beat  is 
Necessary,  wood-ashes  for  fine  work  bea«s  the  preference.  The  work 
mast  he  covered  over  with  them,  and  eareftiUy  watched  $  when  the 
colour  is  sufficiently  heightened,  the  work  id  perfect.  This  colour  is 
Occasionally  taken  off  with  a  very  dilute  marine  acid. 

To  distinguish  Stselfrom  /ran.*— The  prixicipai  characters  by  nhich 
dteelmay  be  distinguished  from  iron,  are  as  follow  :— 

1.  After  being  polished*  steel  appears  of  a  whiter,  light  grey  hue, 
withoujt  the  blue  cft^  exhibited  by  icon.  It  also  takes  a  higher  polish. 

2.  The  hardest  steel  when  not  annealed,  appears  granulated,  but 
dull,  aiid  without  shining  fibres. 

3.  When  steefied  in  acids  the  harder  the  steel  is,  of  a  d^trker  hoel 
is  its  siirface. 

4.  Steel  is  not  so  much  inclined  to  rust  as  iron. 

5.  In  general,  steel  has  a> greater  specific  gravity. 

6.  By  being  hardened  and  wrought,  it  mi^y  be  rendei'ed  moch  Oior^ 
elastic  thati  iron. 

7.  It  is  not  attracted  so  strongly  by  the  magnet  as  soft  iron.  It 
likewise  acquires  magnetic  properties  more  slowly,  but  retains  them 
longer  3.  for  which  reason,  steeLis  used  in  making  needles  for  00m* 
passes,  and  artificial  magnets. 

8.  Steel  is.  ignited  sooner,  and  fiisea  with  less  degree  of  heat,  than 
malleable  iron,  which  can  scarcely  be  made  to  inse  without  the  ad* 
dition  of  powdered  charcoal ;  by  which  it  is  converted  into  steely 
and  afterwards  into  crude  iron. 

9.  Polished  steel  is  sooner  tinged  by  heat,  and  that  with  highto* 
tolours,  than  iron. 

10.  InacaUauing  heat,  it  ^suffers  less  loss  by  bumingf  than  soft 
iron  does  in  the  same  heat,  and  the  same  time.  In  calcination  a  light 
bine  flame  hovers  over  the  steel,  either  with  or  without  a  solphare* 
cos  odour. 

1 1.  The  scales  of  steel  are  harder  and  sharper  than  those  of  iron } 
and  consequently  more  fit  for  polishing  with. 

12.  In  A  white  heat,  when  expos^  to  the.  blast  of  the  bdlowt 
among  the  coals,  it  begins  to  sweat,  wet,  or  melt,  partly  with  lights 
Coloured  and  bright,  and  partly  with  red  sparkles,  but  less  craclding 
than  those  of  iron.     In  a  melting  beat  too,  it  consumes  faster. 

13.  In  the  vitriolic,  nitrous,  and  other  acids,  steel  is  violently  at- 
tacked, but  is  longer  in  dissolving  than  iroi^  After  maceration,  ac-^ 
cording  as  it  is  softer  or  harder,  it  appears  of  a  lighter,  or  darker  grey 
colour  3  while  iron  on  the  other  hand  is  white. 

3d2      . 
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JBoiopiU.0»  •  ••••  •  •  •  •  A  hollow  metaltic  baD;  with  a  tmall  orikr, 

to  shew  the  power  of  steam. 
Jnnfol.  ••••••••••••  To  expose  iion or  other  metiJs  to  the  actiM 

of  tttf  in  order  to  reduce  Aem  to  a  greittf 

degree  of  tenacity. 
ilfitfi/,,««  .-k  ••••••  r*  A  block  or  mass  of  iron,  with  a  hardead 

steel  surface,  on  whidi  smiths  and  otkf 

artificers  hammer  and  fiuhiou  their  wwL 
jirhfr, .  •••'•*•  ••••••  The  prhidpal  spindle  or  axia  which eown- 

nicates  motioii  to  the  other  parts  of  a  m- 

chine. 
jirrA.0, .r.....  Thiefengthof thesailofamndmiUmeasared 

from  the  axis. 
Jrms  {Axle),.,.  ...•  The  two  eoda  of  an  ade-tree:  piojectiaf 

supports  in  madiinery. 
Jsk^hoU.... •••  Areceptadeforthe  ashes  whii^fidlfroflitk 

hearth  of  a  furnace. 
Attraction  ofCohesUn.  The  attraction  which  hoHathepartidaif 

matter  to  eadi  other. 
■■  ^Gravitation.  The  force  whidi  caoses  all  poadermis  bodkf 

to  fall  towards  the  earth's  centre. 
jiugur.  ••••••, The  wimble  or  tool  osed  in  the  boring  if 

w^oods; 
Automaton A  machine  which,  by  an  intemal  arrug^ 

ment,  seems  to  move  of  itsdf . 

Axis.  ••••« ••  The  spindle  or  centred  any  rotatory  aodas^ 

-— -  of  oscillation.  •  •«  The  shaft  opon  which  any  body  vibrates. 
*  "  •  in  peritrochio.  .  •   One  of  the  six  mechinical  powers ;  m^ 

caUed^the  whed  and  axle. 
-^-^  qfrottUi&it..  • .  •  •  The  shaft  roi^Kf  which  any  body  revotm. 
Maakhoards..  *•••••»•  Boards  attached  to  the  runs  of  the  water- 
wheel^  to  prevent  the  wafer  nmoing  of 

the  floats  into  the  interioTof  the  wheel. 
MachTash.  ..,'.,',•»..    The  hobbling  motement  of  a  whed  sol 

fixed  firm  on  its  axis. 
Mack-water,  .r.^,.^.   The  water  which  impedes  the  motkmof  a 

wtfter-whed  dtiriog  floods*  or  from  ^^ 

causes. 
Baianee.... . .. •  •  .^.  An  instrumeat  which,  by  the  appTioto  « 

the  lever*  exhibits  the  weights  of  badin* 
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BaUen,,.\.i,r*Z^..  The  movable  lath  or  bar  of  a  loom  which 
serves  to  strike  in  or  close^  more  or  less, 
the  threads  of  a  woof :  a  loog  narrow  slip 
of  wood  m  carpentry. 

iBa//fr«  •••••••••«»•  A  machine  used  early  in  the  process  of  the 

oottoB  manufacture. 

BatfontU  .•••••••«•.•  A  pieqe  of  wood  or  raetid  with  iw  legs  to 

disengage  and  ire-engage  machin  :  vide 
Miil-Geenng. 

Sea/i  •  •  •^•,  ••••••  ••   The  strokes  made  by  the  pallets  or  fangs  of 

a  spindle  in  4:lock  or  watch  movements. 

Beetle,  ••••••• •   An  implement  for  flattening  the  texture  of 

linen  or  woollen  cloth  :  a  heavy  mallet. 

Bevel-geer  •••••••«••  Wheels  in  which  the  teeth  are  set  at  angles 

of  various  d^rees  from  the  radius. 

BiHs,  • « Sms^l  tools  used  in  boring. 

Bloom . « •  •  •  .r.  ••  •  •  •  •  A  bar  of  iron  to  be  passed  through  the  rol- 
lers of  an  iron -mill  to  be  dongated  into  a 
bar,  rod,  or  hoop. 

Blunging .•••••»•«••  The  act  of  mixing  or  kneading  clay  for  the 
potter's  use. 

Bobbins* ••••••••••••   Little  circular  pieces  of  wood  on  which  the 

thread  of  cotton,  silk,  &c.  is  wound. 

Bolier.  •••••••••••••   A  machine  for  sifting  meal. 

BoUing'cloth A  cloth  through  which  the  sifted  meal  runs. 

JBrace  ••••••••• A  curved  instrument  of  iron  er  wood  for  mov- 
ing small  boring  tools  called  bitts. 

Brac\ei*mm  •••••«••••   A  support  fixed  to  a  wall. 

Brakem  •••••••••••••  A  machine  for  separating  the  cntide  or  outer 

skin  from  the  flax  plant. 

Bra%i$ig  ••••••••••••  The  soldering  or  loimng  two  pieces  of  metal 

.by  melting  of  brass  between  the  pieces  te 
be  joined. 

Breast.  .•••••••,••••  The  first  part  of  a  revolver  carding-engine. 

Breasting  .••••«•••••  The  circular  sweep  of  masonry,  &c.  which  sur- 
rounds the  sbuttle  side  of  a  breast-wheel. 

Breast^lal^,,^  ••••••  A  small  piece  of  steel  with  holes  to  receive 

the  ends  of  a  drill. 

Breasi^wheel......^..   A  water-wheel  on  which  water  is  admitted 

at  or  nearly  level  with  the  axis. 

Bt{jBf'Stich  •« . « A  piece  of  wood  covered  with  buff*  leather^ 

used  for  polishing. 

BuUet. /••••••«  To  alter  the  wards  of  a  lock  in  sndi  manner 

that  they  may  be  passable  by  more  than 
one  key. 

Bush A  hole  in  the  nave  of  a  wheel. 

Ceteris  paribus.  •  •  •  •  •   Other  things  being  equal. 

Calibre* • . . .   The  diameter  of  a  hole. 

Palk • To  force  oakum,  tow,  or  other  materiai  in 
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ibe  joints  of  T^tseb^  to  make  thm  ttM^ 

air^  or  water-tight. 
Cam& •«••.,«  ,,»•••••  ABecceotric. 
Copstan..,  ••••••••••   A  vertical  post  resting  on  a  ptrot  and  toraei 

by  povperfal  arms  or  levers  to  raise  h^^TT 

weights  by  crane  work  ^  a  windlau. 

Carbon. , ••  Qiar<^. 

Card,  •«••,•••••••••   Piece  of  leather  containing  nnmerons  iroor 

wire  teeth,  forming  a  spedes  of  comb^ 

vide  CottOQ;Manafactnre. 
Cast'harden  •••••••••   The  process  of  converting  the  snr&ce  of  iroa 

into  sted. 
Casting ••  ••••••   The  act  of  forming  metal  or  other  oiatter 

into  any  required  shape,  by  poming  ii  iatt 

moulds  while  in  a  fluid  state. 
Catch.  ••••••• •  Various  contrivances  in  mechanics,  to  act  sa 

the  principle  of  a  latch. 
Cements  »•••••••••»•  A  composition  for  joining  hard  lx>dies* 

Centre-bit A  boring  tool  in  carpentry. 

C^tttrifugaL  •  •  t •.  Flying  mm  the  centre. 

Centripetal •  •  •  •   Flying  to  the  centre. 

Cluifery •••••••  A  kind  of  forge   in  the  iron  mannfaatmi^ 

where  the  metal  is  exposed  to  a  weldiig 

heat. 
ChaHomeier  •«••,••••   An  iAStraqiettt  to  measure  heat. 

Chamfer..  ••••••••••   A  groove  to  recdva  the  tenon  in  carpentry. 

Cheeks.  ••••••«»f«^*«  A  term  generally  applied  to  those  pieces  <f 

timber  in  machinery^  which  are  doibk^ 

and  correspond  with  each  otberr 
Chords  •••••••••••••  Perpendicular  let  fall  from  any  radius  of  i 

circle. 
pAi^ci(*.»«,,. .r   That  part  of  a  lath  which  revolves  withtfe 

arbor  :  to  this  is  affixed  the  article  to  be 

turned. 

Circumference.  • •  The  measure  round  any  circle.  ' 

Clack. .^..^.....f..   A  bell  so  contrived  that  it  shall  ringwha 

more  com  is  required  to  be  put  in  then^L 
Clamp.  ••••••••••»••  A  piie  of  unbumt  bricks  ndsea  for  burah^. 

Clip.  •••,.. .^••»....  An  arr^gement  to  impede  velocity  byte* 

tion. 

Clutch «•«.«..   ;i(/<r  Bayonet. 

Cockling To  entangle. 

Cucoon A  small  ball  of  silk  spun  by  &  sUk-worm. 

Cog  ,  .f ........  .^..   This  word,  correctly  speaking,  implies  tectb 

formed  of  a  different  material  to  the  bodj 

pf  the  wheel  i  but  is  generally  used  la 

express  all  kinds  of  toothed  wheels. 

Concentric , •  • , ,   Having  the  same  centre. 

Qonspiring  forces Various  forces  combined  into  one. 

Constant  forces Force  without  interruption. 
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CtnfvnMefiroet.  ^  • .  •  Forces  which  decrease. 

Care..., The  intenial  mould  which  forms  a  hollow  in 

foundry :  as  the  hoHow  of  a  tub  or  pipe. 
fiountersmk  •  .^ To  take  off  the  e^gi&  round  a  hole  to  let  lo  a 

screw- bead>  that  it  may  be  even  with  the 

surface. 
Couplings.  •  •  • To  connect  two  shafts  or  spindles  longitudi* 

nally. 
,CmpUng^f>x A  strong  piece  of  hollow  iron  to  connect 

shafting  and  throw  machinery  in  and  ont 

of  geer. 
Crank. »». ••••  A  bent  part  of  a  shaft,  by  meaps  of  which 

a  rectilinear  motion  is  gained. 
iCrmt^Hir,  ••»••«••••   A  strong  bar  of  iron  nsed  as  a  temporary 

fever. 
Crown-wheel A  wheel  which  has  teeth  at  light  angles  to 

its  radii. 

Cycloid.. ••••••  A  geometric  carve. 

•dif  Under. A  hmg  round  body  ;  a  roHar. 

jiam.  •••• •••••  The  Imnk  or  wall  which  pens  bade  the  water 

in  a  mill-head. 

finia,  ••»•• ••••  Facts  from  which  we  may  deduce  results. 

jyedmetre.,., To  measure  bv tenths. 

i>eii#.  ••••••••  ••••••  The  wire  staple  which  constitutes  the  tooth 

of  a  card. 
jDwil^^  •••••••«••»•  A  midline  for  dividing  rags  or  cotton  in  thn 

first  process  of  the  inanofiurtnre  of  paper 

or  cotton. 
fiimneier •  •  •  •  The  Ime  which  pasaes  through  the  centre  qf 

adrde. 
pie.  .••••••••••••••  Fieees  of  steel  for  cntting  screws,  having  the 

threads  countersunk  on  them  :  a  stamp. 
Poffer  • ,  •  •••••••»••   That  part  of  a  carding  machine  which  tak  s 

the  cotton  from  the  cylinder. 
Doffing-plmie The  plate  which  receives  the  jootton  from  the 

doffer. 
Pog • ,  Apiece  in  small  jnaehinery  which  acts  aa 

a  pall. 
Praw-plaU . , A  steel  plate,  havinjB^  a  gradation  of  conical 

holes,  through  which  metals  are  drawn  to 

be  reduced  and  elongated. 

Drench.  •  • •  •  To  wet  or  inundate. 

fkUl-bow.  »«••••  •^•.  A  small  bow  moved  by  hand  to  impart  mo- 
tion to  a  drill. 

Prum • A  hollow  cylinder. 

Puotile. ;.«.  Malleable  and  soft. 

Mccentric •«••••  Deviating  from  the  centre;  as  cambs,  at* 

tached  to  the  rim  or  drcnmference  of  a 

shaft  for  lifting  forge  hammers,  stampers^ 

&c. 
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Jijfectwe'kead ••  The  real  faead>  or  that  whidi  can  be  i 

to  practice. 

]^fflueni.» » •  •  •  •   Flowing  from  ;  nuiniog  oat. 

Afflux.  •  • «  •  •••  The  act  of  flowing  oat. 

Epicycloid,,,  ••••••••  The  curve  deeoil^  in  the  air  by  a  point  on 

the  circumference  of  a  circle,  when  t^ 
circle  rolls  on  another  circle  as  its  base. 

^uiUhrhtm,  •••••«••  That  peculiar  state  of  rest  in  which  a  body 
is  maintained  by  the  force  of  graTitatios, 
when  the  quantity  of  nuitter  in  it  is  ex- 
actly equal  on  each  side  of  the  bar  or  pobt 
on  which  it  is  siipported. 

£fc<^emefU  •••»••»  ••  The  part  of  a  dock  or  watch 

Vfhiph  receives  the  force  of  the  i 
weight,  to  give  motion  to  the  peodolia  « 
.  oalance. 

Faceqfthe  iooth.  ••••  The  carved  part  of  atooth  which 
impulse  to  another  whed.  . 

fitggoi .« Recesof  iron  bound  together  for  re*i 

facture. 

Fan»\  ••••••••••••••  Small  vanes  or  sails  to  receive  the  impoke  of 

the  wind,  and,  by  a  connexion  with  ■»- 
chinery,  to  keep  the  laige  sails  of  a  saod 
wind-mill  always  in  the  direction  of  tk 
wind  :  an  ii^strument  to  winnow  oon ;  ski 
to  decrease  speed  by  its  i^oo  on  the  ak. 

Femak^screWf..^,.  The  spiral  threaded  cavity  in  which  a  screv 
operates. 

f%ie.0 •••«  ••••  A  tool  used  by  smiths  for  the  abniioi  rf^ 

metals ;   denominated,   according  to  iti ' 
fineness,  rough,  bastard,  or  smooth. 

first-mover  •  ••••••••   Power,  either  natural  or  artificiaL 

Hanck  .•«  ••••••••••  An  edge  or  projection  for  the  better  conaezioi 

pf  piping  or  castings  of  any  description. 

jnank  of  the  tooth The  straight  part  of  a  tooth  which  reoeifci 

impulse  from  another  wheel 

jF7oa^««^.»»^ «•••»«•  The  bonrd  which  receives  Uie  impobe  tf 
the  water  either  in  breast  or  vMonhot- 
^vbe^Is. 

Ttoodgate. ^  .^  ^  strong  framing  of  timber  to  pen  back  or 

let  out  water. 

Fiux •••   Ingrediepts  put  into  a  smelting  famnoe  t» 

fuse  the  ore  of  metals. 

Fly^whetU » .   A  heavy  yvhtel  to  maintain  eqaabk  Botioo. 

Foot-brake,, , A  machine  used  in  the  flax  manafKtsre. 

Forge ••• ••••••   A  manufactory  in  which  metals  are  aids 

malleable  -,  a  furnace. 

i^^  ••••••••••••••  To  form  by  the  hammer. 

Friction.  •..••.,••  ^ . .   Inci|uality  of  burf^  -,  act  of  rabbiogtogcthsr. 
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JViffte/«»,««.,.,«».,  An  iron  frame  uflied  in  printing  to  keep  tbo 
sheet  of  paper  on  the  tympan«  and  to  pr»* 
vent  the  margin  from  being  blacked. 

FiJcrum.*m.09m^^...  The  pobtor  bar  on  which  alever  rests. 

Geerimg. ••••••••••••  Part  of  miil-work. 

Gidhei • ••  That  part  of  a  crane  which  snstuns  the 

weiffht  of  goods. 

Gig-miil ••  A  mill  in  which  the  nap  of  woollen  doth  is 

raised  by  the  application  of  teasels. 

Girder » The  largest  timber  in  a  floor. 

Giri rWeGripe. 

Gravity..., ••••  Tendency  towards  the  centre  of  the  earth  : 

weight 

Gripe ••••••••••  A  pliable  lever  which  can  be  pressed  against 

a  wheel  to  retard  or  stop  its  motion  by 
friction. 

Governor  .••^••••••«  A  pair  of  heavy  balls  connected  with  ma* 

chinery  to  r^ralate  the  speed  on  the  prin- 
ciple of  central  force. 

Gudgeon ••••••  The  centres  or  pivots  of  a  water-wheel* 

Half'Sttiffl. ,..,...»,  This  term,  in  general,  implies  afty  thing 
half>formed  in  the  process  of  the  manu- 
facture. 

Healdor  Heddle f^e  Heddle. 

Heckle •••   A  metal  comb  for  the  manufacture  of  flax. 

HeddU  •••••••••••••  That  portion  of  a  loom  which  imparts  mo- 
tion to  the  warp  of  a  web  during  the  pro* 
cess  of  manufacture. 

Helve..  •••••••••••••  The  shaft  of  a  forge  or  tilt-hammer. 

Hopper.  ••.•••••••••   A  funnel  in  which  grain  is  deposited,  whence 

it  runs  between  the  stones  of  a  floor*mill. 

Horology  •  •  • •  •  •  The  art  of  constructing  machines  for  mea- 
suring time. 

Hydrauti^.m  ••••••w«  The  science  which  treats  of  the  motion  of 

fluids,  of  the  resistance  which  thev  oppose 
to  moving  bodies,  and  of  the  various  ma- 
chines in  which  fluids  are  the  principal 
agent. 

Hydrodynama*.  •  •  •  •  •  The  science  which  embraces  the  phenomena 
exhibited  by  water  and  other  fluids,  whe- 
ther they  M  at  rest  or  in  motion  :  it  is 
generally  divided  into  two  heads^  hydro- 
statics and  hydraulics. 

Hydrostaiics .^..9....  The  science  which  considers  the  pressure, 
equilibrium,  and  cohesion  of  fluids. 

impact  .•«••••••••••  Transmission  of  force. 

Impinge...  •••••••.••   To  dash  affainst 

Inertia, ••  That  tendency  which  every  piece  of  i9iitter 

"  .  'J- 
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hts,  wiien  «t  rest,  4o  ttfludii  tl  net;  «1 

when  in  motbn,  to  coBtume  that  ^notioB. 

InFacuo.,. ••••   Binpty  spaoe,  void. 

Isochronal Of  eqoil  dvratioD. 

Isochronous.  •  • The  TibratiODt  of  a  penddiUB- 

/enney A  madiiDe  used  m  toe  pnx;e6S  of  the  OittMi 

■Kmifftctiire. 

M FideG\ybgt. 

Kiln •  •  •   A  place  w^ere  bricks  are  Imnit. 

Kvik  or  Kinkle. The  er.taDgUng  of  cordage  from  OTertrathf. 

Lateral ^••«   A  horizontal  or  lengthwise  moTcment 

Laiht •••••••   Machine  used  foy  tamers. 

Lantern • A  wheel  with  ataff-teeth;   the  traadle  or 

wattower. 

Leaves  .••• •••  The  teeth  of  a  pinion. 

Lever •  One  of  the  mechanical  powers. 

lAne  of  centres  ••,••••   A  line  drawn  from  the  centre  of  one  vkd  H 

the  centre  of  another  when  their  dfcanr 

ferenoes  touch  each  other. 

Locomotive •  • .  •  The  power  of  changing  place. 

Jjoom • •  A  machine  nsed  by  weavers  in  the  makiagflf 

doth. 
Machinist.  ••••••••••  One  who  makes  machines. 

filandrel,f  •  •  •  •  •  ,1  •  •  •  •  Part  of  a  lathe ;  Coae  used  bw  snidtt ;  I 

cylindrical  piece  of  polished  iron  or  lied 

pot  down  the  core  or  hole  ef  a  pips  doai 

the  process  of  elongation. 
Mastering,  ••.•••••  •  •  Preparation  of  lime  used  by  tannect. 

Matrice,.  .»•••• The  concave  form  of  a  letter  io  which  Ai 

types  are  cast. 
M<ucinium:  •••••••••   Is  the  ptmost  extent  of  any  movemcot  « 

power. 

Mechanist ••••••   Qne  acquainted  with  the  laws  of  mectoki 

Mill-head The  head  of  water  which  is  to  torn  anfll* 

MiU'tail. ••  The  water  which  has  passed  throogh  tk 

wheel-raoe ;  or  is  below  the  mill. 

Minimum.  •  •• •  The  reverse  c^  maximum. 

Momentum The  force  possessed  by  matter  in  motkiQ. 

Monkey «   A  weight  or  mass  of  iron  let  hM  ftm  i 

height  U>  drive  piles  into  the  earth. 

Mortise A  joint. 

Movement,...^ •  The  workipg  part  of  a  watch  or  dock. 

Nave...... The  centre,  or  that  part,  of  a  wbeei  a 

which  the  spokes  or  arms  are  fastL 

Nealing..... #^  Annealing. 

Nippers Pincers  with    cutting   edges  for   &LvSt% 

metals. 
JVStlricacM^..  ...c..  A  corrosive  acid  extracted  fpom  nitre. 
Oir5e.....,,  ...,.«^,   Preparation  of  bark  used  by  tanneri. 
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{hpenkoUwhiel*  •  »^  •••  A  wheel  wbidi  leoeivcs  the  water  in  backets 
at  not  more  tban  45  degrees  from  the 
apex. 
0^</««.«*««*»..^*««  A  eombmation  of  ozygen  with  a  metallic  or 
other  base. 

Omygei^  •  ^  .^  •••«•••  •   A  gas  which  sopports  combustion 

PadUiie ^..  A  kind  of  oar  ;  6oats  to  a  wheel. 

Pall.  .«•.••••••••»••  A  small  piece  of  metal  which  faUs  between 

the  teeth  of  a  ratchet-wheel,  to  prevent  a 
load  which  has  b^en  rais^c)  from  descending 
when  the  operative  power  is  removed. 

Pallet •  That  part  of  a  watch  or  clock  escapement  on 

which  the  crown-wheel  strikes. 

Pendulum.  •  •  • A  weight  suspended  by  a  flexible  cord  to  an 

axis,  so  as  to  swing  backwards  and  for- 
wards, when  once  raised^  by  the  force  of 
gravitaUon. 

Periphery ••••••  The  circnmfierence  of  9  wheel. 

Ptrpmiduulat.  ••••*••  At  right  angles  to  a  given  base. 

Pick •«  A  chisel  for  dressing  the  stones  of  a  flour- 

miU. 

^iU  .  .^  •  •  •  ^  •  •  • A  large  piece  of  timber,  pointed  at  one  end» 

to  drive  into  the  earth  to  sustain  the  piers 
of  bridges^  &c« 

Pim ••••••••••  To  strike  a  piece  of  metal  with  the  narrow 

end  of  a  hammer  to  form  dents  and  pro^ 
diMse  elongation. 

pincers.  ••^••••••^•«  A  tool  formed  by  placing  two  levers  on  one 

fulcmm,  regulated  by  a  screw^'Oievementy 
for  holding  bodies  firmly. 

Pinion, A  small  toothed  wheel. 

Pirn 9 •  The  wound  yam  that  is  on  a  weaver's  shuttle, 

Pisron*.  •••»•••••,•«  A  plug  made  to  fit  tight  and  work  up  and 
down  a  cylinder  in  hydraulic  engines. 

Pilck'lines.  •••••••••  The  touching  drcumferences  of  two  wheels 

which  ar<s  to  act  on  each  other. 

Pitch  of  the  wkeeL.  •  •  •  The  distance  ffx>m  the  centres  of  tjWQ.teetbu 
measured  upon  their  pitch  line. 

Pivot «  A  short  shaft  on  which  a  body  turns  or  vi* 

brates.  .    .    . 

Platina.... A  white  metal  capable  of  withstanding  great 

heats. 

Pliers  •••.••••.«•••.   A  small  tool  constructed  similarly  to  pincers. 

Plumb •«,••••   A  leaden  weight  suspended  by  a  cord  to  as- 
certain the  perpendicular. 

Plunger. •••«•••   A  body  that  is  forced  into  a  fluid  in  hydrau* 

lie  engines,  to  displace  its  own  weight* 

PwtuhU  steam-engine .  A  steam-engine  bnUt  in  a  compact  tonB$ 
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and  not  attached  to  the  waU  of  dN  bdi- 

iog  in  which  it  works. 
Propartwnal  circles.  •«   Fide  Pitch-lines. 
Proportional  radii.,  ••  The  radii  of  two  dcdes  whoss  dran- 

fereooes  are  in  contact. 
Puddling • The  act  of  ramming  with  jday  to  arrenAi 

progress  of  wator. 
Puddling'fmmace.,.  •  •  A  famace  used  in  the  iron  maaibctiiti. 
Pulley  •••••••••••••  A  small  wheel  otter  whidi  a  stiapii  pasted. 

ifuinial. ••••••• A  French  or  Spanish  weight  eqaimnt to 

\  OOlbs.  of  those  respective  natioDs. 
RahkitorRap'ii^^m...  The  strong  wooden  spring  against  whiditb 

foige  hammer  strikes  on  its  ascent 
Mace,  ••••••••••••••  The  canal  along  which  the  water  is  ooavsfri 

to  and  from  a  water-wheel. 
Rack...^....^ A  straight  bar  which  has  teeth  nmibr  to 

tiiose  on  a  toothed  wheel. 

/2^<£tt.»«»«  • ••••  The ploral of  jradins. 

Radius.  • The  semi-diameter  of  a  circle;  the  an  « 

spoke  iof  a  whed* 
.fiojp.  •r*«» ••••  Asi^edes  of  file,  on  which  thecofttiiiffDrs* 

mioeaces  are  distinct,  b^Bg  raised  oft 

point  instead  of  an  edge. 
Rasure  ••••••••••••  ^  The  act  of  scrajmig. 

Hatch.. , A  oar  containing  teeth  into  which tepl 

drops  to  prevent  machines  nmoiof  bacL 
Ratchet'Whed, *•,..,.  A  wheel  having  teeth  similar  to  tlMSSof* 

ratch. 
Eedprooaimg.i'......  Acting  alternately. 

Rectilmear  or  ^c/t&i«a/Ck>nsisting  of  right  lines. 

Reed •••••••••  Part  of  a  loom  resembling  a  comb  fer  difi^ 

ing  the  warp. 
Regulator.  ••«•». •••«  A  small  lever  in  watch-work»  which, b|f  to- 

ing  moved,  increases  or  decreases  tke 

amount  of  the  balance  spring  that  ii  d* 

lowed  to  act. 
Reel.,...'...g...,..p  A  frame  on  which  yam  may  be  womd* 

Reeling The  act  of  winding  yam  on  a  red. 

Resolution  qf  Forces. . .   Vide  ''  Of  the  AcUon  of  Forces/*  pagr  5. 
Reservoir ....... m...  A  large  basin  or  conservatory  of  water. 

Reverberator^ Beating  back. 

Reverheratory^Jumace.   A  furnace  used  in  the  iron  and  copper  Bssr 
\  factores. 

Riv^.....m. •....•%.  To  form  ahead  by  the  percussion  of  a  kp- 

mer^  to  prevent  a  piece  of  metd  whick  las 

been  passed  through  an  orifice,  to  emr 

nect  things  together,  from  TOtamiag. 
RoUer^gin.^..^  •  ..^'^^  A  machine  to  divest  cotton  of  the  bok  ad 


Digitized 


by  Google 


AFPBNDIX.  TSl 

Other  ioperflaons  parts^  previous  to  th» 
coiDineoceineot  of  the  manufacture. 

Ihlaiwy.^ .,..9.,...  Revolviog. 

RawoMS.  ••••••••••••  Cotton  in  that  part  of  the  manufacture  be*' 

fore  it  goes  to  the  roving  frame. 

Buhher  ••••••••••^•«   A  heavy  lie  used  for  coarse  work. 

Bubble •••••••  A  mode  of  building ;  vide  Masonry,  page  537. 

S^fnd.  ••••••••>••••<  The  piece  of  iron  that  goes  across  the  holer 

in  an  upper  mill-stone. 

Stifehf*vubfe.  ••••••••  A  valve  which  fits  on  the  boiler  of  a  steam- 
engine  to  guard  against  accidents  by  the 
steam  obtaining  too  high  a  pressure. 

SaW'gm  ••••••••••••  A  machine  on  the  principle  of  the  roller-gin. 

ScanHtHg   ••••••••••   The  length,  breadth,  and  thickness  of  any 

solid  body  taken  lineally. 

Scapemeni  •«••••  ^«  •  •    Fide  Escapement. 

Scotching  ,.0^. .mm  ••  The  operation  of  packing  hemp  before  it 
goes  to  the  market. 

Scoria.  •••••••••••••    Slag  from  a  smelting  furnace. 

Scowering  BarreLm  •  •«  •  An  octagonal,  or  other  shaped  barrel,  i» 
which  scrap-iron,  &c.  is  cleansed  from  rust 
by  friction  as  it  revolves* 

Scrap-iron^,  mm ••  Vanons  pieces  of  old  iron  to  be  r^mann- 

-49  factnradr 

SereWm^ ••••   One  of  the  mechankal  powers. 

Scribbler-Engine. An  engine  used  in  the  process  of  the  cotton 

manufacture. 

Shaft  m •#•#•.«  A  long  piece  of  wood  or  metal,  oa^  wbicli 

large  wheels  are  fixed  in  mill-work* 

Sheeve  m»  mm- 0  .mm  mm. m  A  Small  kbd  of  pullcy. 

Shmildermmmmmmm****4  A  tupport  by  means  of  a  projection  frome 
surface. 

Shrouding. mmmm.mmmmm  Tho  bo«-ds,  te.  whlch  form  buckets  of 
water-wheels. 

Shuttle  r.  •«•#•••  r*.  •  An  arrangement  to  allow  or  shut  off  water 
from  a  water-wheel ;  a  small  piece  of 
wood  which  carries  the  thread  in  weaving. 

£Sxe  ••••••••»•«#•.••  Gelatinous  matter  made  from  animal  or  ve- 
getable substances,  and  applied  to  fibrous 
materials  to  impart  stiffness. 

Slag  ••••••.•••••••••   Seoria,  or  refuse  firom  an  iron  furnace. 

Sledge-hammer A  heavy  hammer,  used  by  a  smith  with  both 

hands. 

Slip , «   Potter's  clay  of  the  requisite  consistency. 

Sluice. «.«  Vent  for  water ;  a  kind  of  flood-gate 

SnaU^movement  ••••••  An  eecentric. 

SoldeTm.  mmmmm.mmm»  mm  VaHous  comoounds of  mctals  for  conjoiniBg 
other  metals  that  are  less  fusible  tliaa  such 
compound. 
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Spardklet  •• ••  fVom  spanoir-lnl]^  imall  naOsto  dnveklt 

thoea. 
Spaiula...^. ,.   A  thin  kaHe,  used  mostly  to  extend  iipv* 

fidally  some  semi-floki  matter. 
Spindle,.  *••••«••••«  A  tbin  piece  of  wood  or  sted  on  wluck yam 

is  woond  i^ter  it  has  beta  twisted :  lani 

kind  of  shaft. 
Spokes • i  The  tadial  pieces  whidi  ooQiiect  die  peri|^ 

ry  of  a  wheel  wkh  its  centre-piece  or  txn : 
this  term  is  only  applied  to  carnages. 

Spring 4...  An  dastic  body  formed  of  metal  or  wood. 

Spring^arbar  •  •  ,1 The  arbor  or  spring  roand  which  the  naii 

spring  of  a  watch  is  woand. 

Spring-hox.  •  •  • « The  t)ox  which  contains  the  maia  spriag. 

Spur-geer « •  •  •   AVheds  whose  axes  are  parallel  to  each  odier. 

Splice • To  conjoin  lengthwise  two  fleubls  ipmea: 

bf   the  interposition,  of  their  rtifedstt 

parts,  so  as  to  maintain  them  b  coojl■^ 

tion  by  friction. 
Slaf. The  teeth«of  a  tnmdle,  Intera,  or  piI' 

lower. 
Staking'on.i. .......  To  drive  wedses  in  the  bn^  of  a  whed  or 

policy,  to  ni  it  fum  on  a  shaft  or  spiiie. 
Start  or  Strut  .•••••••   The  partitions  which  determine  the  fbrai  of 

a  backet  in    an  over-shot  wheel;  f^ 

^honlder  or  wrest. 

Staves..  4h..... The  plural  of  staff. 

Steam-hdat.. ........   A  boat  moved  by  steam  powec 

steam-engine  ..«•••••»  A  machine  for  applying  the  force  df  steaa 

to  create  motion. 
Steel^yard..  9» ••••••  A  machine  which  denotes  the  we%fat of  b*« 

dies  by  pladng  them  at  different  distasccs 

(torn  its  falenim. 
Stereotype^  4  •...•••••  The  art  of  castsngsoUd  plates  from  aiofible 

types,  to  print  nom.. 
Strike  .•..••.•• A  thingnseo to  strike  anything  level  io  ■ 

measure:  th# strickle. 

Strakt... The  plural  of  stratum.. 

Stratuin  ............  A  single  laver  or  k>ed  of  any  <me  thiog. 

Sti{ff..^t..  ..^4.mm.  This  t^rm  IS  applied  to  an  infinite  vuktr  tf 

things  I  wood  is,  by. the  carpenter,  cwd 

stuff,  so  is  lima  and  hair  by  tbe  hfidda^/ 

and  plaster  by  the  plasterer,  &c. 
5fra^  ••  •••««•••••«•   An  uneoual  or  hobbbng motion* 

Swifts • The  rapid  movement  in  a  carding  marhiaf 

Swingling  • •  •  •  •  Fide  Scotching. 

Swing- tree .«•#••  Any  beam  that  vibvates. 

Swivel ••••.•«••  A  thing  fixed  in  another  body  to  tan  rea'' 

vpou 
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J!y|^Ad».« 4. •••«•••••  A  bent  tube  with  vneqiMl legs  throi^wbicb 

a  fluid  win  flow  by  the  force  of  gravity. 
Tiut^cUer «•••«.  Waler  which  impedes  the  water-wheel  io 

miU-worb 

Tamk .•••••••«   Reservoir  lor  water^ &c. 

Teasels  •••«,•«  •»..»«••  •  Thistles  used  to  raise  the  nap  of  cloth  in  the 

gig-mifl. 
Ttfiton*.  •^••••^.  ••••••  Thttt  part  wbkh  fills  up  the  mortise. 

Tilt'hammer  ^^^m>^**  A  haooner  lifted  by  machinery,  to  forge 

irott  or  steel. 
Itrecdle «»*tf  •  •.  A  lever  affixed  to  a  crao£:  which  commnnv* 

CBtea  BMtkm    to  machinery  by   a    foot 

movemeat. 
fhnnvbsting.^^.,..  ••••  Spinning;. 

Triblei fWrMaoAfd. 

Truckles  .••.••••..••••   SmaU  rsdlera  for  diminishing  friclSon^ 
Trundle «.  A  a«ali whe^  with  staff  teeth;    the  tan- 

tei ft  or  wallower. 
Tuyere  or  TueA^tm.  • «  Aa  eriliee  through  which.  «  blast  or  stron|f 

cmettA  of  air  is  passed  into  forges 

Tympan That  part  of  a.  priiitiog«piies0  on  which  the 

pap^  la  kid;  to  rceeive  the  impressidii. 
Undershot-wheel  ..•••»  A  wheel  acted  o»  by  water  below  its  centre^ 
/?zcuttm...».«...  •••»   Void  of  air. 
Vklve  ••••K «  A  eover  t»  an  apertuiiey  in  hydraalic  ma-^ 

cfainsi,  to  pievcnt  ffoids  taking  a  wrong 

eoane. 
Vcat  •••••••»•»•««•>•  A  flat  SQB&ce  capable  of  being  moved  by  the 

ouxent  of  &  fluid  j  as,  for  instance,  the 

vanes  of  a  windmill,  .moved  by  the  wind. 
Tappets  ••••••  «^.  •  •••  Projections  on  the  plog-tree  of  a  stearo*en-^ 

gine  which  op^  and  shot  the  valves  at 

proper  intervals, 
Garnish  ••••••• A  solution  of  certain  resinous  bodies  in  spi- 
rits or  oils,  which  assumes  a  solid  form  onr 

dissication. 
Felocity  ••••••  ^« ..  g^.  The  measure  of  quickness  with  which  a  body 

moves. 

Vertical » •   Perpendicurar  to  the  horizon. 

yibration  •  •  •  ^ R^pid  alternating  motion. 

Virtual  head, ^The  real  or  effective  head. 

Vis-inertia.  •  .• •  Fide  Inertia. 

JVahble «  A  hobbHng  unequal  motion. 

Wallower ••«   Small  wheel  with  staff  teeth;  the  trundle 

or  lantern. 
Warp •   The  layer  of  threads  which    extends  tner 

length  of  the  piece  to  be  woven. 
Washers  •••••••«••••   Small  pieces  of  metal  placed  under  a  nut  to^ 

reduce  friction. 
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Water^whetl  ••••••••  A  t»beel  which  rccttves  its  iapabe  ta 

water. 
Weathering  ••«•••••••  The  aogle  at  wfaidi  the  sails  of  a  wiadal 

are  set,  to  receire  the  impolseof  the  wind. 
Wedge ••••••  ^  •   Ad  angularly  shaped  piece  of  wood  or  wit* 

tal ;  one  of  the  mechaoical  powen^ 

Weft riieWoof. 

Weight  4m.* The  measure  of  the  amount  of  the  sttrietioQ 

ofgravitatioo  in  any  bod]^  compared  iHth 

that  of  other  bodies. 
Welding... ••••   The  property  of  conjuncdon  pssssiaed  b; 

some  metals  at  high  temperatiires. 
Wheel  and  Axis ......  One  of  the  mechanical  powers. 

WheeUrace The  place  in  whidi  a  water-wheel  is  fixei 

Wlup To  bind  two  rods  together  with  small  twise: 

the  length  of  the  saO  of  a  windmHl  bo^ 

sured  from  the  axis. 

Whirl ••••••  A  rotatory  motion  with  a  decreasing  speed. 

Wtnch •••..••  The  lever  or  handle  to  which  forte  is  sppliei 

in  machines  turned  by  manual  labour. 

Wiper..,. •••••  An  eccentric. 

fViredraw. .........  To  reduce  any  kmgitudiiial  body  exceedlof  If 

in  the  transverse  section  :  rspid  pssiage 

of  a  fluid  through  a  conical  orihoe.^ 
Woof.. •  Those  portions  of  thread  orTamiadoA 

which  lie  across  the  length  of  the  warp. 
Wresi  or  Wrist  ..^...  The  partitions  which  determioe  the  fons  of 

the  bucket  in  an  OTcrshot  wheel;  tk 

start  or  shoulder. 
Yam  ••••••••««••••  The  combination  of  fibrous  materials istos 

linear  form  by  torsioB, 
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Cornish  refining     .    .    .  i6. 
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Iron  ores 757 
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liCadores 758 

in  the  humid  way       .    .  759 

Manganese  ore     ....  760 
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Mercurial  ores      ....  761 

sulphurated       ....  762 

Nickel  ore        761 

in  the  humid  way       .    .  ib, 

PUtcdmetals       ....  764 


Page. 
Assay  to,  Silver,  to  ascertain  the 
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in  tlie  humid  way       .    .  763 

Tin  ores 758 

in  the  humid  way        .    •  i^. 

Zinc  ores ib. 

in  the  humid  way  .    .    .  t6. 

Balloons,  to  varnish,    .    .    .  750 

BarkmiU 445 

Barker's  mill 92 

Batter       879 

Bath  metal 707 

Bell  metal 708 

Bricklaying,  vida  Bnilding 

Britannia  metal ib. 

Bronze 718 

Composition  of  ancient  statues  ib. 

for  plaster  figures    ...»  781 
Brown's  Vacuum,  or  Pneumatic 

Engine        .......  218 

Building 

Preliminary  Observations      .  589 

Bricks 532 

Cartwright's     ....  536 

Clamps 533 

Clay-mill      .    .    .    o    .  ib. 

Kiln 534 

Bricklaying 547 

Mensuration  of  Bricklayers' 

work        550 

Sleining  wells      ....  549 
Tables  to  assist  in  calcula- 
tion           SS6 

Wallioff 547 

EngUsh  bond     .    •    .    •  ib» 

Flemish  bond    .    .    •    •  ifr. 
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Definition  of  auxiliary  raf* 

ters 572 
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BoildiDi^,  Carpf  Dtry 

Cocking^  or  cogging       .  573 

Domes 575 

Joggles         573 

King-post 57S 

Niches     .......  577 

PredeDtiTe  cradling        .  578 

J'ole-plates 57S 

Punciieons   ....    *  ib, 

Porlioes 571 

Kafters,  aiuuliary»     .    .  572 

ComnM»n ib. 

Principal       .    .    •    «  571 

Queeu- Posts     ....  572 

Roofs 573 

Sfraining-beam      .    .     .  572 

Cill ib. 

Struto ib, 

Tie.bearo 571 

WaU^plates       ....  ib. 

Flooring 569 

Framing    of    centres    for 

^ins           568 

Joming  two  timbers  in  any 

given  direction      .    .     .  563 

by  mortise  and  tenon      .  564 

by  a  notched  joint     .     .  t5. 
of  timbers,  with  reference 

to  plate 567 

Mensuration  of  Carpenters' 

work        579 

Partitions 569 

Practical  Observations  .    .  570 

Roofing 569 

Rooft  defined    ....  573 

Timbers  inserted  in  walls   .  568 
Scarfing.  Joining  2  pieces 
of  timber  by  means  of  a 

single  step  on  each  piece  561 
Scarf  with  parallel  joints, 
and  a  single  table  npon 

each  piece 562 

Scarf  formed  by  several 

steps ib. 

Scarf  with  a  bevel  joint .  ib» 

Scarfs  with  long  beariogs  ib, 

Trnssing ib. 

Girders  to  sustain  very 

heavyweights   ....  563 

Walls,  timbers  inserted  into,  568 

Glazing 635 

Mensnration    of  Glaziers' 

work        630 

Joinery.  To  coostmct  the 
surface  of  a  portion  of  a  .cy- 
linder, with  wood,  wiien 
the  fibres  are  at  right 
amies  to  the  axis  of  the  cy- 
linder       586 
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Building,  Join 

To  bend  a  board  so  as  to 
form  the  fmstinra  of  a  caar, 
or  any  segmental  portioa 
of  the  fmstran  of  a  toat  ,  ST 
To  glne  op  the  shaft  of  a  co- 
lumn, supposing  it  tolie  the 
fmstromofacoae     .    .   .    ^ 

Dovetailing S9 

'  Best  methods  of  conectiag 
pieces  of  wood  so  as  to  fofsi 

an  angle *  ^ 

Measures  customary  njoia- 

ers'  work •* 

.  Doors,  bead  and  flash  .   .  SS 

Hanging       A 

Jib      .^ SB 

Hand-rails        ^ 

To  draw  the  scroll     .   .  S* 
To  describe  the  sectioa, .  » 

Hinging ^ 

Hanging  doon,  thuttert, 
and  flaps,  with  hinges   .    A 
To  hang  2  flaps,  so  thK 
when  fukted  back,  they 
shall  be  at  a  certain  dis- 
tance from  each  other    .    •• 
To  Hiake  a  mle^oint  fcr 
a  window-shutter      .    .  * 
To  form  the  joints  of  stiks 
to  be  hong  togetber,wkrB 
the  knuckle  of  the  biase 
is  placed  on  the  contrary 
side  of  the  rebate      .   •    *^ 
To  construct  a  joint  fcr 
hanging  doors  wttk  eea- 

tres * 

Sa*4i^rames,     sashes    and 

shatters 2 

Stairs      *J 

Bracket * 

Dog4eg|;ed ^ 

Geometrical      •    •    •   *  2 

Ditto •    •  * 

To  draw  the  scroll  <^  ■    . 

hand-rail * 

Tto  draw  the  cattail  ttfps    * 
To  find  the  parallel  thick* 
ness  of  tlie  plank  .       •  ''' 
To  describe  a  section  tf 

a  hand-rail ^ 

Masonry ^ 

Arching **' 

Definitioa    of  arches   aid 

vaults      ..•-,•   -.S 

Mensuration  of  masons' wsfi»« 

Masonry.  Walling       •    •    •  ^ 

Painting ^ 

•  Mensnration  of  Painien*  v«ft » 
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Plastering  .•.'....  606 

Coniices 615 

Flnestaff 611 

Oan^itiiff i6. 

Latbiog  . t6. 

Lathing,  flo«tiiig»  and  set   .  619 

Lathing,  laying,  and  set .    •  ib. 

Laying ib. 

lame  and  cement      •    .    •  607 

Lime  and  hair      ....  610 

Parker's  cement  ....  618 

Plaster  of  Paris    ....  609 

Pricking  op      .....  6IS 

Rendering  and  set    .    .    .  613 

Rongh  casting      ....  614 

Scagliola 615 

Stucco 617 

PInmbing 628 

Lead 629 

Sheet .  630 

Covering  roo&  with,    .  633 

Pipes .  ib. 

Mensoration  of  plninbers' 

work       635 

Pomps ib. 

Slating 631 

Biensnration  of  Slaters*  work  627 

Carpbntrt,  vide  Boilding 

Centrifugal  force 4 

Centripetal  force ib. 

Chain  of  backets 86 

Chain  pomp 967 

by  Cole ib. 

reversed 86 

Chinese  sheet  lead 527 

Chronometers 507 

Cider-press 991 

Clock    ....    t    ....  486 
with  three  wheels  and  two  pi- 
nions, by  Dr.  Franklin 

by  Fergoson   .    .    . 

for  exhibiting  the  apparent 

daily  motions  of  the  son  and 

moon,  state  of  the  tides,  itc. 

Striking  part  of  an  eight  day 

clock 

Description  of  cnrioos  clocks 
Colour  and  indigo  mills    .    .    . 
Composition  of  ancient  statues 
Copal  varnish,  camphorated,     , 

Colourless       738 

Ethereal 740 

Pat 737 

Fat  Amber 742 

Gold-coloured 738 

Turpentine 740 

White 731 
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Tin 726 
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Batter  . 379 

Jenny  spinning    ....    *  384 

Csirding-engine    ....  385 

Jenny 386 

Roving  Billy ib. 

Mule  spinning 379 

Bobbin   and  flier  roving- 
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Breaker  carding  engine      .  380 

Carding  engine     ....  ib. 

,  Drawing 389 

Finisher  eujpne    ....  381 
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Roving  frame      «...  882 

Stretching  frame  ....  383 
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Rollergin 378 
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Reel        387 
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link 38 
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Round ib» 
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Fergoson 986 

Padmore 985 

Foot      . ib. 

Movable,  by  Kier   ....  988 
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Darwin'b  engine 939 
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De  la  Faye's  machine      .    .    .  999 

Desagulier's  drawer  and  bucket  249 
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Disencaging  and    re-engaging 
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Bayonet 85 
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Friction  clutch 34 

Friction  cone ib. 

Lever 33 
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Equalizing  the  motion  of  machi- 
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by  Pryor 519 

Reid 521 

,     De  la  Pons 524 
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